12 United States Patent

US010116063B2

(10) Patent No.:

US 10,116,063 B2

Haro et al. 45) Date of Patent: Oct. 30, 2018
(54) INTERNALLY FED DIRECTIONAL FOLDED (36) References Cited
YAGI ANTENNA ASSEMBLIES |
U.S. PATENT DOCUMENTS
(71) Applicant: Laird Technologies, Inc., Farth City, 4.604.628 A /1986 Cox
MO (US) 5,068,672 A 11/1991 Onnigian et al.
5,111,214 A 5/1992 Kumpibeck et al.
5 .
(72) Inventors: Rafael Haro, Chicago, IL (US); 2A83915 A 21996 Bortatker .........c.... HO;%}S/?E
Alejandro Manuel Mascorro, 5621421 A 4/1997 Kolz et al.
Broadview, IL (US); Sajid Ali Safvi, 5,657,030 A 8/1997 Peck et al.
Lombard, IL. (US); Benjamin Peter 5,999,141 A 12/1999 Weldon
Hoffman, Crystal Lake, I, (US) 6,483,476 B2 11/2002 Cox
8,237,618 B2 82012 Wu
(73) Assignee: LAIRD TECHNOLOGIES, INC., (Continued)
Barth City, MO (US) FOREIGN PATENT DOCUMENTS
(*) Notice:  Subject to any disclaimer, the term of this ?PA 201%%2851’32 il * 191/%8?(1) *********** HOIQ 171207
%azlg p 5??;1155%55 f‘l?yl;‘c’tw under 35 v p 20090101567 A 9/2009
(21) Appl. No.: 15/154,814 OTHER PUBLICATIONS
Directional Yagi Antenna With Folded Dipole Y6-4m 70-71
(22) Filed: May 13, 2016 MHz:Radial: http://www.radial.ru/catalog/antennas/directional/y6-
4m/eng/print; accessed Jan. 6, 2016, 2 pages.
(65) Prior Publication Data (Continued)
US 2017/0331198 A1~ Nov. 16, 2017 Primary Examiner — Dieu H Duong
(74) Attorney, Agent, or Firm — Harness, Dickey &
(51) Int.Cl Pierce, P.L.C.; Anthony G. Fussner
nt. CI.
HO10Q 19/30 (2006.01) (57) ABSTRACT
HO0IQ 1/12 (2006.01) Exemplary embodiments are provided of internally fed
01 irectional folded Yagi antenna assemblies. In an exempla
HOIQO 9/26 (2006.01) directional folded Yagi blies. I plary
(52) U.S. CL. embodiment, an antenna assembly generally includes a
CPC ... HO01Q 19/30 (2013.01); HO1Q 171242  boom, a cable assembly, and a plurality of dipole elements
(2013.01); HO1Q 9/265 (2013.01) spaced apart along the boom. The dipole elements include a
(58) Field of Classification Search folded dipole element. The feed cable assembly 1s internally

CPC . HO1Q 11/10; HO1Q 9/26; HO1Q 1/46; HO1Q fed 1nside the boom and a first section of the folded dipole

10/30; HO1Q 1/1242; HO1Q 3/00  ©lement.
See application file for complete search history. 23 Claims, 48 Drawing Sheets
reea 115
TR
.:‘:;;:)h ‘a;:ﬁ
1[}9 . I‘E(HZ
e %\10? ‘H‘
107 = |
105 |
\ - 136
NS \ 104 ‘”":/
A P 55
\‘ ‘ | 108
115 \- '\,_ /
111 —- ‘ ﬁr‘\r PR 117
113 %q# 106
\-“* 110
115 7 115
102
-



US 10,116,063 B2
Page 2

(56) References Cited
U.S. PATENT DOCUMENTS

HO2G 15/115
174/88 R

2014/0104116 A1* 4/2014 Chiu ......c.oooeevvennnnn, HO1Q 1/24
343/702

2004/0262025 Al* 12/2004 Brandt .................

OTHER PUBLICATIONS

Directional Yagi Antennas Y(b)4506; www.lairdtech.com; Copy-
right 2010; 1 page.

* cited by examiner



U.S. Patent Oct. 30, 2018 Sheet 1 of 48 US 10,116,063 B2

100

N\

106

108

FIG. 1



U.S. Patent Oct. 30, 2018 Sheet 2 of 48 US 10,116,063 B2

109

107
105~

., 104 r

115

FIG. 2



US 10,116,063 B2

Wh
2

i
L EE

ool
25
P

b

L

e

e -

[N

WLy

RT3
e

-...1
Pl
n

t"#-
-'.l
t". -"l
*1
b
.:’
}l
.: ”
;-"”"".
s

JJJJJ

436

S

~

™ 136
%
&
-
e

B
LR

Il .
..l“ ‘o g » K

. .
|||||||||| - - - T - - - - = = = =
Pttt L ﬂ%ﬂﬁ.{-ﬂ&-*&&*&&*&&m. .l._..ﬂ...u
x » . 0 "
* ' i
i N N v d I
.t m - LAatgdgl
* L -k !

Sheet 3 of 48

i

w ._... .. : . — ma . ..
7 : ..n. 3 ;.m. RS .Mn.n.n..

‘Ww i ;

wT
]

"

FEE

a5
£

5 n
o

- iy
-
"
&
¥, L., x
' . ¥
' . Y i x
¥ ! ..___E .lt_.J1 .l_..”_...l.i -”
d s : e . ]
i ¥ ' S, ¥ =,
o .-. ...H.._ . ,....-_
Ww.._. : : " . .-L
N - .
i
&
.
."l.
" R wsfrrr.a. N .....M T..-ﬁhh, Aay
e ..l..l Jl..-_..l-.-. —_.-. ”.....r....r.-..r....r.i_d. e 1 "...l._..l . 1] L .
“ 1._.!&__.. ..-.._._1.. e N
1...” .__..__..”..__.r_-l.
R 5

Oct. 30, 2018
118

-, o
L - =ty
= S
(] Lo BN g .

1058
148

U.S. Patent

FIG. 3



U.S. Patent

CEH CEHTER CONIUCT
PRI A D MO PEN £

Oct. 30, 2018

Sheet 4 of 48

o N
L #-I\.-l-l_'a'.-h"

-l
e

-
- T

-‘._,'_
“"'l'l-'-qll.i..-.-.-.i_-ql-

FG. 4

US 10,116,063 B2

Treg Y TF Ay IR STy B ok SR . :_"- | - a Tt .
R R A ST RS O P L
- . ’ * --‘:.., “l -H"-_--.
, - - - i“ ) 1"I - -“ :l ll._h'.‘- - .“.
_:.\' ) '\l‘ .-i‘ -I""n-,||I
-i"" \.'\ i"ﬁ-\“.. tii‘ *“".‘
e . -_‘ “u
-".':." \ "I “‘ \h“
l:#‘- ".‘
: U h
. -
r"' ) i"'- - “u “."'h
rll' ! *ﬁ_ . L ‘l_
J ., Yo o
2 "1.‘ L]
-f - . l‘f ‘I.
;: K
i' o | L - Ta
1"* i "'n.-"-!'.- "'
s et R o,
; Rt | o
: e AR AL © VRGN WA ST AT Al ar it -
At T AL VI AT Wiyl "
L] * - or ' L] .'-' . I - | ' r-
; “ \ : - CVSET THE DI RARSEL \
L . +, .t .
p . ,. - h
"-I‘ L] *, I‘:' L]
rJ .\.ﬂ : "‘ L4 - ‘l
g . 1,: :‘ o Ih_ :
’ Ny LR \
-" - 1-. N - 11. . !
1 L] . o n 1 . 1
! * - T . HE a4
'l .\‘F .‘- - -“' ) -.' 1 6 2 ‘.
¥ a . . .. 1
"I. o i . ',|
RIS RIS e el 'rﬁi';-“ *_.
I'I t' L -‘C' -.-lll-izi E H .'h ‘h Hh.ﬂ :-.:tl-." '5" ':-‘ ':-;t :I
_...____I __' i . n - . -‘l. i -‘l‘l"i. !‘l“l" ‘l. -
;:‘ : '\.:!&E{E-'- -‘-"-':'.3"} L ‘-"1“- ‘j ::'1 i-"'i 1'1- :.
- ¥
¥ i
[ . 'y
. L
! 160 *.
L v
L I
L]
[ ]
[ ]
L] Lo - - - - - - - n
U T T T A I L A f
: "1?1-3:'.:‘- .:" ¥ ':.'-.--. iy 1-- I-‘I-l- ll' -!-- "'lll‘I !i :l--:} g L ?*-l- T
1 g 0T AN gy .
: COUNTADT LESF AND TR nrees "
] 4 *
[ [ ] ]
' ! b
’ ! :
E ] 4 ]
" ” b
L] L
. ; SN NT YREET T DIETGAT TN YA )
: :* .‘iﬁigil‘.b .:tb- "*"l-ﬁll-* i-i'. =l s l" -;‘.-‘: t'-- ‘-é':":* ;
' r o L, L il [ ey .
' s COAEREED URNIDNTER T DRl ;
' -l. a " ' ‘F‘
h Lt ’
~+ - -
L} " ]
. "'.- ':
“ - L
L] L r
'. “ - ‘l:"
l‘l_ .-“‘ : : ""I' "
" *. ’—..'_p"-'* : ‘ i
A L] & ril A ! L]
& LY ¥
a 15477 i 152
] ‘,. ._-I.- .!
*‘l ‘.1 r. l"‘
. ] ]
g . A
"u.l_ ‘\‘ : '-l"
: . 3 "
“1:_* ‘\“ E‘ ) .'l"
" ‘ll ¥, Jl‘. “h il.
‘l‘. .‘. L] '|'|l '.b '||‘ '.'r
: i R
‘h- ﬁ‘ r] .“ -\-’. -| '.-
., _: '.-r _ -‘r
‘l\"‘ -'n fa 1'_-!'- >
h“ ‘l.‘ :, . Ry ’.I”
AL , 7
'.'"l. s .'g.x LI . . 5 -
. p o . . . ) o
Ta r L . ._..
I|I""l- 'h . +i'.
-, . - - - . N .
. . 2 -
- . . h o~
""l-h .' " .'J
.\-“I L . .l'I
- - . - 1-08 "
- i'h_ LS x . - . . r
- e, : J—""H—M -
"t - 1 x o _--' .
TMewe 4 p . -
L Lo .- :- : - - »



US 10,116,063 B2

Sheet 5 of 48

Oct. 30, 2018

U.S. Patent

il. d.--. a .l.-h - iyl .-.-. -y " -__-l !l..! ....1_-
b PER P SN

0 _ “en
L R, o ff(aﬂ..wr“.. A
. ‘.x-..-..-..-..-..-...-l__.- .-_-..-..-..-..-..-..-..-....-.1 . NN

L] a 1 "y
A m L T R
I..__-_--il-_..------.. ErrrrPrERFRPRPR
N 1

] -.”_. ) o~ ..__. - o, : . . .-.. -..-...___- -
- r . r r w4 ] - - r
w R i L g o Ry .
.._-_th- th_l..m:_._.llllllll..-. ”.J-IIIIIII”II*‘“I—.IIII“&# l..“..“._-_-i.lllll.-..‘ .‘-.”-...ﬁ.-.ll IIIIIIH [ ]
L, My - - e L
. -._F.. ..-.Qlﬂ.. _""_k__. _fl.J._.. . ._..._-H ..__._..____ . a\\\\l ...t” .
L] ] ] " L] F el - -
.._..-_.h.__._. _.....-...__,_mﬂ 1 ;...n....ﬂ....w J._1_.__..”_.-. .\ .-._.__-
._..-.‘ ._..-‘ . i\__ t- . I.-” ll- L.-..-.
L g ._...-. x ._..l * - b ]
ey v d . l.__.._ ﬁ ._..q_.

- » .

b - 1
-

L] .1.__..1- -_I_-.-. _,.r.-.f

r 4 - rr r u

amm B amna .yt L A F

PR P FFF -__—_—.__—__._._.—._..-.‘ FOR R R R R R R R FOR R R R R n FF

L ] - ¥ ' - A

]
- e e e e A o i - W odr b odr o odr i e L ] e e e e - e e i e e
v -t Fy .-....r..-..‘.
L

-

—— C ]

T
s ﬁ +
..-.-..-_.-..-.l.l -.,..._-..-..-.. LI N R RN R O
. . . 4 Ll Y ..-._ . . . . . . . . o
" i " v . ]
- . : . ] H
- .....- .._u___. . r 4
" - l‘.- _-_l.l.ll__ "
' Fs «
.-.- . a4 ﬂ!
F ] il
LN DL T i v
15_1..1 a - = L |
- o L] L L

%
“I
""‘1-..

_.‘. . r - H_-‘.l 4” 4 r
] . | " f 1 »
Ii. ] .l.._..l-r. " __-_‘ »
h-..n.!....-- .._1 ) . - R EET TR T...T...-....T...T...-”_.-....T...-.... T T T I L L
r LT . n
£ Iy ........ N R ..i... 4
A . i 2 .
I.- L] 'l L] l‘ -
L] L] .
] L} .11 a -
F | - [ i .
;o T A J
[ ] [ ] ek - »
- L] .I..I.-. N l..._.-. ] -.'_- .-._-
__.- L] L] - -l. " ¥
2" ' .-1 " ) 4 - bk -_“1.._
+ ; ' L]
1 ! . .
* L] ' Fl
s “ vooS I
H ' ' | If ‘-
[ L] " o
Fa 4 a’ i-. - -.q
' Ay i .
k i !
] ‘l -..._. ....-. [ ] !
T L] L T
a1 » e - l-. 1 -
L 4 -1 +
__.- - . .
¥ -.. .lI 4 4
. £ :
[ N [ ¥
M 1‘_ .-l_ 1 .“.__ n.-.l
f 3 'y 'y -
* .-h n_- - '} -t b
4 ’ [ ] .- 1 .I.-..r...-.
+ b f | - . .
] .Im It . 1 P
'._. . -. . et - . -
] .--. 1 L} - - -
“ L] F .#..__._.l - L
4 r i b -
L] L] - "
x ....-_- .__” .I.J...II. v "
» . .-..- « - " l-.-
m. -ll -,...-.“”.I L T l-
i F ..I.l“_l X L
.r l- r q.- .-
' ; ¥ . ) "
1 ..;___ .._ L]

o

3

lh_.
L]

o

'

*.

:-'h..‘_

1 4 [ 3 b
q g LY L
! P a :
_._r . -
v ~,
__._.__ d ) ) 1___.__.- s
A
l- -_.._.
1 3 ....___.._._ 1
ot e
.,.
lrf‘I .
.
.-:-...f

l..
L
-
Ll

- oo -
R ok oy oy oy oy ke W

]
L]

L.-.-.-...-..-.. [
r +
.

4

L

T
¥

-

—
l""ql-l-l.--l--l-ﬂrir'"-"'.

i
1
;
|
.
r

| ]
..-..F... 3

L | -

t- L]

SO

L I T T Tl Tt el Il I T Tt Tt Tl Tl e e I I I It Tt
E . - -

""'"""'""'""""'"""'""'"""""""""".1%. .

LA

"

%
*
v

= w s s d

.._._.l_”....___.-._._.rr

P

1.

-
R

o

i de i de de b de A b

R
SN

Fh
W

Fe*+ 5+ s+ eEdrsEdresesyEesEdsEEEErEEEEFEFEEErEFEEEEEEEFEEEEFEEFEEEEEEFEEEEEEy
L

L N N N R N N N N N N N N N N N N N N N N N N N N N N N N N N N N N NN N N N N N N N N N N N N N N N N N ]

FF EFFFEFEFEFEEFEEFEEEFEEEFEEEFEEFEPFEFEEFEEEFEEREEFEEEFEEEFEEEFEEFEEFEPEEFEEEFEEEFEPEREEFEEEFEEFEEFEEFRF

4+

.-.-..-.
A

hoh 4 —_-IH

L T S S L S S Y

FORRTR R R R R R R R R

123

FlG. 5




U.S. Pat

o (| Oct. 30, 2018

115

-+ = U T R T T L T T T T T T S S,
------------------------------
----- .:' *.""--"“"'"--1-1-111-111111111111111111111
- WO Lo ) Ll - - = = = = = = = = = = @ = @ = @ 4 = 3 =94 =747~
L ) L ) ' Ml - - - 1 -1 -17-=7-=171"="171717177"77"7777%777713+7~1
) E ol ) o s R R A R R T T R R
------- T N Lo ! x IR EEEEEEEE R I
EN ] ¢ W H BEEEE - - - - - - = = = = - - aaag s m = a1
] - W L i B ® - - 1 -1 - 1777 =177777171771771971777197n"
- ' e W [ W N E . 'l * = = = = = = = = = = = = = = 3 = 3 = 35 =3 = 33 9537
------ L) LN ) ) N EEEEE I I
) L e .| o IR T R R T T T R T T T I .
r N L ] ' M.l - " - 1 -1 -1 =7=3777777771797719797737%n"
E ] Lt ] o L A T e R R R A I I T
-------- ] - &N Kl - - 7" - 17 - 171777977717 7977117 7717777777731
- - LI _Jr & LI N B N 'l - - - - = = = = = = = = = 3 = 3 = 3 = 3 = 371 7% 117%7771717"°11"11-"11-"
111111111111111111111111111111111111111
] X & L L ] E |
i) b ) - e | R R T T R T R T T T T R T T T T
- 'y wmw oy P R TR - P ] L ) NIRRT EEEEEEEEEEEE R I I I
H | F ] - b BB 4 E A REREENEE - - - - - = = = = = =3 =93 =917 =17=171717171717171717171171111-~
L ol | L T R B T N B T T B N ] E ol | = & B |, J 'l - = 7 = 1 = 7 7 7 7 7 7 7 7 77 7 77 7 7717 o7TTTTTT YT 1o
] L W . . o) L e [ F - = = = = = = = = = 4 =3 =4 =777%°"717717717"11°"
+ b o= Pl | R T T [ ) X e ) 'S W W% - " - 7" 1717 7777777177171 1711 7177 TeTEoo
| ] il N 5B - e | e - - - = = = = = 2 =3 =49 =77=-927"777177777177177717711-~1
Ly . . ¥ w2 oA A L - ra L NIRRT I
- M W - i | 2 . - L e ) P FPERENREHY - - - - - - =1 -7 -4 -=7797797717797777777-1-+1
- ol | P F ) [ )] Ll e Bl - - " 1" 71 717117 1171111111111 111 T moT oo
= F ' Pl - - - - - - ) L e | P MM F - - - = = = = = 8 =3 =731=737= 1977777777717 7171~1-=
» F i M w A X T L] oy [ o ) '3 % BE® - 7 - 77 7777777117111
L] | "I, ¢ N .. | ] E ] - b B |, | 'k - = = = = = 34 = 3 = 3 = 3 = 3 7 7 7 71 7 7 7T 71 771711
" i 5 = | - ] L o ] A ARREEEEEEEEEEEEEEE NN
- - x ] P | - b & n » N ' R - 1 - - -1 -171-7-171-1717171"-"-77777711171711~1
. A x e » m I el ] L ] A R EEEEEEEEEEEEEE I
. R B m L k. L ) ' MMk - - - - 7 - 3 -4 - =997 "="9"77"7777717"7-1
- il W A L) L ) 2 n A R EEE I
. - % F I, A = N N ] b 3B |, | 'l - - = = 1 = 7 = 3 = 3 = 3 % 7 7 7 7 71 7 7 1 7 1.1 11
L o B E i ) L e ) | EEEEEEEEEEEEEEE IR
N o E Ll e il Y - - - 1 -7 - 1-7"="92177777777"77177%71-1
- L L T L R R R L X Il p_| E | L I N A R IR I I I I N I R R R D R R L R B TN B B B |
----------- ‘. M] P i B 40 W W N ML - -7 -17=17=177977777"7717777-+1
- I o T T T x N T Ll e ) S PR - " 1 777171111 oo
""""" N R i N L I ] | | F'll - - 1 = = = 3 = 3 = 7 3 7% 7 7% 77 777111 =
. . L . L » A L A e I RN
. " B . R RO U N "H . :'l.?! - '-I-'I-'I .-" ' .. o A m PRI AR BRI
------------------ v - Ll el e e v
Bt [ * (I L ] o Y W W N MM N MMM N Y YA
- T T T T T Tt LI Al . 'i"-l" -H ?.Hﬂ.ﬂlﬂ.ﬂ L N .
L L | L L i
............................................ o e -
El '- L L Al ||
" b | :‘:‘:" : . i": A H-IHIHIHI“I-H'H 7, A
L W A_ELE ~ A A A

R R A A

L "

Sheet 6 of 48

US 10,116,063 B2

117

I I R I A I R R R R R R IR BB R I
-.:.:.:.:.:.:-.:." 1.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:."
:-.:-.:-.:-.:-.:-.:-. :-.:-.:-.:-.:-.:-.:-.:-.:-.:-.:.:-.:.:-.:.:-.:.
R O

A -.:-.:-.:-.:-.:-.:-.:-.:-.:.:-.:.:-.:.:-.:.'

T e

::: :::::::::::::::alu... xR I L L

'HIIHI'IFI'I-:M:H:.:.
ALY
e

R +:::E§55555555555555555555:;.,
]

A_A lhl A A A AN NN B B TR R R R R R T R T B |
A A e

MA A A NEANANn
______________ ettt ettt

Lo s )

""""""" E i | il.il n':l':lll-l.l.
e b e
g
A
|

AT T

Ewwa )
an n.h. L ] ] :_h_‘.-?.
A SRR & ol o

e T e

]
X oM i M X M K

[

: HHI’IIiHIIH

ey
.,“.;:*-*n-‘l-‘l-_- -
M)

L]
* b B ? A

o o = N Al Ay
TN MM K WE LA AN

. o g 1A A
N n'nkﬁ”:c”x":x"x” E ] X

AA A A A XA A AN L] -
e b e e

o & A
W

FIG. 9



U.S. Patent Oct. 30, 2018 Sheet 7 of 48 US 10,116,063 B2

%

2 INCHES

i

FiG. 10



U.S. Patent Oct. 30, 2018 Sheet 8 of 48 US 10,116,063 B2

138

FIG. 12



U.S. Patent Oct. 30, 2018 Sheet 9 of 48 US 10,116,063 B2

FiG. 13



U.S. Patent Oct. 30, 2018 Sheet 10 of 48 US 10,116,063 B2

192

-.- -.- -- -.- -.- -- -.- -.- -- -.- -.- -- -.- -.- -- -Tl.*h*

nta

FIG. 14



EREREREREREREEEEREELEREEREREREREEELEREEEEEEREREREREREREREEREEEREERERERERERERERE EEEEEEEREREREREREREEE EEREEERERERERERERE RE RE EELEEEERERERERERELERE EEEEEEEREERERREEEEELEEEEELEEEEREEEERELERERT]
-.ﬁ “vé

US 10,116,063 B2

.# M o L e e L g g L W e L g Lo g, “
. w . . ) ¥
“ . ' v ”—f_—.. H . -rr. ‘
T e ke p oy . W 2, “ . ]
4 v '
% . ; .
F gy i P H :
. k- " * ¥
“ “
L
+ ¥
+ L
__,.m Y ’
g : :
+ ¥
+ L
- = i “
H L
L
Lt : _
—— & + L
" /w ik : '
. % L
orf O t _
. % L
] L
LY ; M ’
. : .1 H 1 “ lul. o i i - . “
) L
: : ; '
- L) & - L
: & “ LD : :
v a L o L
. X . u . .\ r.u . 4
. .- -- %.__1..._1.___1...1.._1...1.__1..._1.__1...1.._1...1.__1... : ' |..._1.__1..._1.__1...1.._1...1.__1...1.__1...1.._1...1.__1...__._- ) aiji}i..i}ixi}iji}ixi}i}g
: c y . | * ._..q.. 7’ '
A ] . ]
“.. a + ....n--.. L]
.ﬂ- -- L ¥ ‘
H x ) '
) .
.- - L -
x rrﬂl[h‘?
i

Sheet 11 of 48
FiG. 17

e e e e e e e e e e e e e e e e e

.-.......I_.l.__ 5 .l_.l-...l.

FEr “
% ..
v 2 :
__-..__-...." “
o : 3
. L
. K
— ; . : |
- £ n A
. ] - L
E: ¢ : 3
. t 4 L]
- t n A
. t .. L]
L a1 > i " K, W
1] -
0 F ‘mlg el ﬁ.f
C S ¢ I S UL S ™,
- e, e e Ao, A ke, e ke, e e Al .ol e k. - el e ol Al ol A ke e e e . e ol oy, e e e ol .ol el el Aol e e e ke e e e W W N N ...-..I..l...-..I..l...alfl;.alfiﬁjiiiiiiia. -
3 N e s , e 4 e C ) TRk Vlvnululvnilulvnvlulnnululvnululnuu-.
y.r Y n ut R4 LN :
L ; ;R ¥
i X . ww WW m...“_._._.w ¥ gy ek
8 ¥ Sabat - u we S, e e e
N . 3 - ; . ",
& : : } ] -
s ‘. ; : >
O Ei ¢ n 3 Y
. t .. L]
- £ n A
. ] - - L
- t n i, .
. ] 4 L ﬁ .
. t .. L]
t n A
X : ” 2
N e
3 e
A
L
'—.

102
184

110

i
G
.

+*

LR E B E L. E B E E L E E E E EE EE_E L E E_E L E_EE_E E B E_E_E_E_E E_E_E_E L L _E_E_E_E_E_E_E_E_E_E_E I

s i

1
‘l
‘l
‘l
‘l
*l
‘l
‘l
‘l
‘l
‘l
*l
‘l
‘l
*l
‘l
‘l
‘l
‘l
‘l
*l
‘l
‘l
*l
‘l
‘l
‘l
‘l
‘l
*l
‘l
‘l
‘l
‘l
‘l
*l
‘l
‘l
*l
‘l
‘l
‘l
‘l
‘l
*l
‘l
‘l
*l
‘l
‘l
*l
‘l
‘l
*l
‘l
‘l
‘l
‘l
‘l
*l
‘l
‘l
*l
‘l
‘l
*l
‘l
‘l
*l
‘l
‘l
*l
‘l
‘l
*l
‘l
‘l
*l
‘l
‘l
‘l
‘l
‘l
*l
*
'l
"
*
.
"
*
.
"
*
.
"
*
.
"
*
.
"
*
.
"
*
.
"
*
.
"
*
.
"
*
.
"
*
.
"
*
.
"
*
.
"
*
.
"
*
.
"
*
.
"
*
.
"
*
.
"
*
.
"
*
.
"
*
.
"
*
.
"
*
.
"
"

FIG. 16



U.S. Patent Oct. 30, 2018 Sheet 12 of 48 US 10,116,063 B2

4 ..“E S -"\...‘
: . by
108 {13
. " ¥
I.. s _i'

FIG. 18

TR PSRN SN T 1y

FIG. 19



US 10,116,063 B2

“ e i e e i
o w R R
. M e
m m S e e
R
mm LA BN AN AN

Sheet 13 of 48

m ok ok ko
AL L
Ll el kel el

@ m |

.m m AR TRELA LR

Oct. 30, 2018
>

U.S. Patent

0057486

0C SOla

9%6
ev6
Ov6
L6
§ 232
1¢6
8LH
56
126

SLE‘?SS

T
o
W
~d
¥y

SC1E56

© 000°056
| GL£606
: 052°906
- STU'E06

: 000°006
518"968

SLS

DSL

- GZ9

00%

SLE

0S¢

571

000

43

0SL

YRS

09[‘868
. S {94988

. - . ik ' o P
. o T h a "
-

) ll.l-lllllllllll-.l-l_ “.l-llhl-l_ l-.l-_l_ lnl-_l lal.lﬂll.l.l_ #.lllﬂ"l.lﬂ lllll..llllll.lﬂ.".lnl “.l“l.“-l““l".l.l hllll—.l.—.lll—.llllnllll.llll.

- . .i..lui ‘l- _-l ] l

. ' B B . N L I L L. . o . ! L & L
.I-lﬂ.“.l-I“-l.“..lll._-l.“_.l.-l-l.l..l'l.l.l-.IIl.l.l—.lIl.l.lnl-l_.l.lII-I.".l-.lll..I.I-.l l.l.,.l.l-'l." lrlﬂ " I.lﬂ“l.l ‘m’ lll-l“lll e lll - l-.l [ l-.l - %l-l_" l_.-l-l_ l-.l - Inl-_l - l- "'l " lnlal.l.l.li._.l.".lrl"-l.".l-l‘-l “

|
]
'.
'.-
"
"
)
"n-
]
'.
"n-
]
'.
"-
L]
.l
v

st sl d i,

-
L |

=
l: -
.
="
.‘-u.-*
l -
e
L |

L
l_ -
|I.'I-
L |

i
iw
e
L ]

="
"-. -

4 o -
I N
LR R . I T A el Py als L.
[ N N R ik ki el
- r _...-..-_Ilil.._llll Il.r .._......._..__. ..-.r..._.“..._..... - _rln....,...l...ll...-.
o
: o W e

N _-_|_-_....-_ .
e aTele s e eln » e e el e e A
- .._.-._-_-_-.-_J-t.-..._-_...-__.._-_.-__-tr o " Pttt T et e lsl_._ u
R e . ........_.-_-_-l..-.-..-
.-...r.r..r.r..r.r.r.r.-..-_.-_.-_.-_.-_.-_.-_.-_.-..-_.-_.-_.-_.-_.-..-_.-_l_.-_.-_.-_..-_..-_.....__..-_.r[ BT e i e e e e e i e e e el e el e e i el el i el el el e el i el el i el e e e e Ak X b e EER R
- .-_.._._._.-_.-__-_l_-. bl e i L T ....._......._....-_ .-__-_l et ......H.__............. - NN . - i ' . e, .._.l.rll-I..-_ T . .-.-_.-_-..-__-_.-._-_.-__..-_ - S .-__-. l.-.
...___.-_.L-_._r -l-.-l-lvun_#-._.-u_-_.__l.__......._..._.........;.._..__..._......._......._........ .-_.-_....-_1 e ._..__............“.....w.._...............................r....u......_......._..__.._.... . . .........__.._......._..._.t.._.lr e -..__..-_..-..-.-_.._...i 1....,.-_.-..-_.___.__..-_-....._. LN S el e
i.-_-_.-.. llI-.-.!__-_...............................r.......r.__.t.-_.-_ LU A L . ; N tIl-lI-__.. .__.._-_.-..L-_. _-_l.._ll.-_l.-.w.._._-.a_-__-__-._-__-__-._-_
ol . .oe -_-_l...n._.__-...__-_t_-_t_-.l_._ :

v X
Xk
wx
£
-r:#:
.2
»
.
?} '
‘F

....... - mm -k owwow Bl tlll'?##:ill

I
*
L ]
L ]
ﬁ‘i!T

i-
l-l'

-
s 2 '.I'IIIII_I.-.II_ o __..III_i[l-.I ....l......;.

R e e . et
AR AR R ﬁlii_-lnlﬂﬂ.l"hlr...
C e am tqtt-_it-.-trimo.tti.—-_.._t-_ ,

i . - liil.
w LN LY o b b

N et e T N e e

.............................................................................................. .
T e " \ i - . . x N Lo

L L N N L B
IR N el N N
-~ L [ . .
e - l.-.h.-_H._._”i_-_ .._-lr_-_ri.-_m..-_ﬂ.-.”.-_“..-_u.-.u.-__-.tl - *
- » - : - "
. .-.t.-_lh.-_H.-_H.-..._._.__-..._.._L-_.-_...._.__-_....._ln.-_.-_- . . +.-|hI“ ” * |_-_l.._.-__-..-__-_.-._-..-_...___..-_r.- . .-..-_-“-_H...-_... M. . *,
Com R . - Tl e _-_._r..._tw.. SR xir . .
C ) el B - L - X
™, - - N .-__-.-._-_-__-._-_.-_.-...u_-_-.!.__..._. ~ . :

. i e e e

U i i i i '

..___...». e A s a2 N A T,
X - = .q.q.......&h_.q._...._#*.q...
- l...l...l...l...l...l...l L]

L 'I_iﬁ'i'Ii‘l“ii‘tii‘i‘h‘“i“‘i‘i‘i i. ) [l 'l'l_'l."'l ' L . ."" - i l. . !H

.-I_...i_i.i_...i_i.. ' [ Py W]
-

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

. 3 1
iill'iiil_iil

L]
]
L]
| ]
i
I‘
L]
]
|
-
L ]
I
I
L |
L
]

L ]
L ]
]
L ]

L L
g .xxxx Ce X

A, .ﬂ.'."."l'lIIIIIIIIIIIIIIIIIIIIIIIIII rIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

T t-..__. % 8+
gL o ..__-_..._-_.-_-r_-_ -

._...................._......._.........._......_...._-._.ft. L, N

ey

rll.|]|].|]|].|]|].|]|].|]|]-|]|].|]|].|]|]-|]|].|]|].|]|].|]|].|]|].|]|].|]|].|]|].|]|]-|]|].|]|].EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE|]|].|]|]-|]|].|]|].|]|]-|]|].|]|].|]|]-|]|].|]|].|]|]-|]|].|]|].|]|]-|]|].|]|].|]|]-|]|].|]|].|]|]-|]|].|]|].|]|]-|]|].|]|].|]|]-|]|].|]|].|]|]-|]|].EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

l..,-_-.,-_-.._-.ll.
i 3

P e i g g e e e e e -

_l..i_l..l_i..l_.rl_i..l

dp g dp iy dp iy iy iy ey iy e e iy e e iy e e i e e i e e i e e i e e i e e i e e i e e e e e e e e e e e e e e e e e e e e e e e i e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e i e e e e e i e e e e e e e e i e e e e e e e e i e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e

.l-l.l.l.i_l.i_l‘i_.,-
+

lll_ill_lll_ihl_i.l‘_l

- Q00T

0011

00C'L

Q0’1

O0v't
0051

009°%

004"t
Q08’1
006’1

000°¢

AMSA



1< "Dl

PR P S SR SR SR SR SR SR SR SPUF SR SEF SPL SR SR SPL SR S SPN SR SR SR SR SR SR SR SR SR SR SR SR SR SR SR SR SR SR SR SR SRR SR SR SRR SR SR SR SR SR S o
b e i s e i e s e i el i s el as s sl s e s s e aue sl e i i sl i sl s i e sl e e s sl aulie s s s e ae s e aie sl e aie sl o

AN R EATRRER AL

US 10,116,063 B2

_

.
s,
="
"N C W
Yy W
- . !
. % ) -
. v..r.
LAy
4 L
-,
s
”“-.
8 %ﬁ ' -
4
..
_.4 ST ——. % L
' .
.”..1.4“..
- . - .t s SRR
1'm’s EII.T o Jll.l._‘. 1 -.k_w. -.Illh-u.lm._-. A o1 ik
f .-_." .- P ] I..l..u.-.I x .“.-. u .- .L-....ull. eomae l..l.. a e =
Ly m, " iu - ..I.-l.- L - a e
)
a w
)
2w .
O % L
L -y
y— Ay
. o
LI L
. a g
i ,
' o ¥
e :
P ¥
o ek
ek .
e .reh Pt
. s
._.-..ll.- . ;l-....-.l -1-....-.-
e .1!....]-".. . . . o e
= “- b . E - roa roa
e R R AL - NN N "y Y
T i i " or o
I i A ) v
A b AU AR A et
- ¥ -. ..__.._.....l..-.. .nl.....-.”.-..-_... .iq._...-.. ..._.rl.-_l
. ......n._, = o Snal e -
- - ok ow P PERE LI L
....-.._.._ .......-r.._l_-.t.q.._.._.... o
- a L
. [ RO LR M %
.k ip " womoarkowor N LN a - -
s ) P e R )
e - R U o . M e
. - i UL I a2l o
] -y o a doa A ... )
' TR N T T N N n o e
o Fom e B i a )
L SILCAE 2 ROM Ol 3EICRL el s
aTw P N i e ] e
-1.-_- a K & 1H.-_. ...11....'.._.._.
alw R RU N et ) P
A L O ) PN )
¥ Ul el e PO 30
X ] P e e
) * .-_.vl_ r R LR N
) R roa L
) ) -

"
*‘
F v omomomomomomoa
.
N
M)

-
. [}

L P 2

o P .

LR | & ..Iuﬁ..a
row ro p

STt ot :

rodr ok T i ?‘J.

NN .

ror

oad

roa k

-11.“...-.- !

Oct. 30, 2018

JOIIEIUBLIO SUJNEY UOIBIPEY

U.S. Patent



el DI ¢C Dl

US 10,116,063 B2

a7y .
081

"
L I
. L .

e F TR R R o

__..l._-_.l.-..ll.-._-._.-.
i '

Lmn - .
- e e

D r.r.t@ﬂltulul
d

- L] - R
e l....l.-l-... - il .
T -~ “ 4 ] .“_ ...“- "~ ..
- r . A .
RN , ’ ; ! : "
r 1 F -_
\.-.l.- .._.-.- -_- . l.l.-.-.r - I-.-......lnl.l...lJ.. - ....-.--...r. .___- -_l. l.-.u .
- ..-.- " . " r e ] .
.4 SET 7. s ' " " ; R P, S
.-.-.- ...-_-_ . -.l..-_-.-_ __.- -. " 1 -.-. _-_Hl-.-_. ... ._.-r mNN
..__l fl_-_ li\l-. ...l.. ._..- h—l - l"l L T "- i.._h. -__ - -.ll. L\‘\l -._..-.
- & : i R L SN Y -
” - 7 L] - " ! » L " - .
0 IH.-. ) L -7 .-.._... l-l.l.-.l.-. l...-_ . " .il .__1 ) l-.... ._..-.-. 1 . -.-l .-._r
. L] r LY Y " L] ] L1 . . "
r Ny e o T o d L .- . - -
L__.‘ . _....-_.__ -_-_.-.. ‘. “x . ] .x.. » 3 X r -, . .n.L. _1-.\1.-. .
r¥y . L " T ! 1 e . ' W P
s llh-_-_. ..‘l. . . . -H e e - el - . . . ......H ; .__.-.‘ __.--.. . . . I”-
" - N “n N - 1 ] Y ey N ’ - N
S ..-1 -._-_-_u. ___-.-..1 .HH g _-_”_-.i K * * h- -..I et [ O d ._. - 11..1 -_-1
s S ' -_-_.... %, L..... . W . ¥ ’ . * " o L A
1 ‘-.._. ._.l ¥ -_-...l ._.-.-.__. " "-” -1- ”.- -__ " .-_ n-.__i .-! HF -.._._.l\\\ 11.- -__... 1.1-_ q..._ ..-.
. r . r . . r - l.-. ¥ Y » ' ) ...l -.-_ . -_- . o ¥
l- - U N 1‘ "I-. ill.!- 2 i- I.I.-. l..|l| - l“ I- iﬁ‘ I.x1 .ll - ..' ‘.‘ - . r.-. 'I
- — ] - .-. - N "= g [ e e T L [] u
t s -H“..-_._. ..q. ", H -n_. _._...___.. " _._..__.. -~ __“ " N -.___.._. L o L LR -
r e . ’ -__ . i.___ - __-. -_- . " - .-.- . 1-.. a .r . .-I.-_ 3 I.l.-.. L
i ’ bl .h-. - et Yoo b by ’ w " T 1 Y
1__ » il m a3 ll_l L 1- ... - L L] LI -l _.‘ __i.- -.-_-_ = - .."l_l L -.I -~ Ll -_ _"
) o [ .-- ! " T . * -._-._-_... .-.!-..r-_._r Ta _-.r .- -.__.. " i__ o .-.-.- .-1.” .I.-.l " ’ ” 'S - " -_- L]
" ..--. Bt NP - ..-. T .. ”I.... . -_.__u. u_-.- -_-. "..- ".ri"l“.“. .-_H .-.. _..... et ..1-..‘.. ' X ._|| " .-._. .-. - -
e : : P e ST e R T T e SPREEL Sall
"ntat - ': - B i3 -__ Teaa - ] RIS ", .!-._- ! --_._- -- l._.-! . .l.-.l -r * - P
- |” H!”.q:."-.""m"”“““l il ..-___ ."_. ." " - - |..u_.x s J - - 1l.__. _...-“. .__L-.-"—.-..l-__'. .-.-\l”ll . - . -i- x” " n.unl - _1..”_. ”.. _-
3o u s A BEEE L, 2 . . . . TR - -_.ur...a.-_-._-_.__”-_.._-_ﬂ._ vtu..f..u-_..” .lq..-.... RO - Ll ’ L .
S I"Im“l"m_-.l .“" 6\-‘ .m. Dm ".-_..r..-...r..-_..r..-_..-_."..-. - .r".-_ - > N, l_”. - .__l._.l I..-.”u“.-.Ml”lllI"”-l.l“.....I ..l L ol H_. v - . ” ” ““.
....... L e e e el B e e e e B e, e S (S - : .
.-.---__r “_. “ -” H ; ; " ._" - I!\I””I"“""I"I” -. ”l .l.-r ....... .-". ...... .r..-_-_”-...-_ H.r..-_..r..-_"..”...-...r..-_.l.l_..r..-.“.r..-_..r..-_..r..-...r.l_-.
e M " " W . B e P s L . Rl ST . ' ¥ y;
e ' ] + o ..._”IIII.I.-..- -_- R | Il1 -1-.-.‘-..-.-.-l__r . _-._-_.- L e tmag L . L] » .
fow i 1 * ’ L - s 1 1 1.1....1.-_ L 11111-.—..-.-—_-_- . " .—-...- L i e . A .". _." »
II-_II . L | [ l.-..-llll.-- . .r.-_;.‘. -~ _-..1..!‘ . L . I_-.-_.- [} LE N X ] i ‘.
.4 L) - 1 v .- L} . L SRR S L " ’ o i T
-. i . -t = r 1 L] - - L o 1l r r, Lt iR r.1 L] F a - . A Y L Y * »
n -.. . r A - ar 1 __.- L 1-.!.-... » - - -l .l__. EY 1 - ¥ .__- _-..I -
n ' . , - n e . r o ! . - P T vy ' ttem 4
. -.- [] [ HP - * -.- . I.i - -_I . ih. ..-. .-- " -... -. . H-.I - . lﬁ / H’. .y R - u_.ﬂ. - _..I 4 “n
I” . .J—_ -~ l.l. . u..r. .- - " .HRF _-..-.l..- .-- r _.- 1 [} - -_I ..'- .l_... l-__- FRH . .1:. - - ._“. .‘- ‘-
.- " L ol O A R Y N S F Al N ! :
- , - AN L, g Lt Ll S N s “eeld /.
. ___..4.- - % ___-_..... o s r J _-H.+"| _-_"” " lﬂﬁ&“ﬂ k - e . xxr " -__“. A, A
" . . N - b a7 LI Y . L . T e il x
8 " % h - ol K ¥ ...-.;..11 ....-1 ! a . B ._...' ™ .._r-_ - ..r_-_ 5 ._- o .-_._ T
-“ -l -.-l..i ) rq. . ..Fv _.l . “u -1 -- ..-- " -.- -_- -_'-. -_1.-_” .-.-.1 X .1.1‘. -._-._-.1. ._.l t‘.
1 I. ] ‘I... " i... i !.—HH .-.- 1 . . \i A ’ Il ‘1 .
1-1 . - F b - li i ] - L | .- ! ' . L A L -.':1! -_h.
". ___,_..__...._ o ._.._.. ........... y _.... . L v " % __.._u.-.-._.... ___.._ ..__.._ H _.__.... i ...-.-_-. ;
0 n |} .. - * -___.-.n-. __1 1| "- ...._-.-. "m'm " _.-.r.-.l‘lwﬁvﬂ.. _._..-._- .-_- d-.. 1.-.- A _r.-.___ _..-.-. "~ " -__
-“ _.___ " S, SLa 1 s * . L __- 1- Y ] -, . i
n ., o . ) - ._- . ) . . y . it . )
2 -” s - _-__...-.. ., T -. .-. .- . -.. .-_. ’ -_-.l u..x _-11 " ‘-
n ' T L5 . A g - J x u 1 n 11.-.- s -.._....-. __.-.-_
..".. Lt e aT ) . -t .- [} 1 ... = ... W . - ~
ll - n - - - ] LY Il [
‘___(.. -“ _IJ. lﬁ‘.- L . tﬁ‘ l—. lu!_-. _-.1—_-.I - [} I.--.-I - L] ” l-. o .._'ll -.!1
I. l.l. __i ll o r . . - l."lﬂ-l - |@ | [ . th - _-_-. r
0 : m.ﬂv -.-.. L rxu_. r '] ] . s . -_...._ ] \‘
Ll L T - 5 [ 1 » s W
. LA s’ i ) 3 ' g - .
3 . Ll o ) ; - ; H- u " ”_-. . xxu..__l._. ._-.1 ___-_i . m ‘ﬁ M
. .- e e ..ll. L .H.H .- " ¥ . H.H _-]r . 1I
- . T . " 4 . . -...-_”.. .-_. s L .x . e L-._. o I K v- y \.....
L ¥ e, - .“ " 1 .-. o - : .._-._-.“ i ... B e _.U.H e -._ -.-. - "
N Mo S S, o SV s e S S
_-_-1.1.-. a4 ) 1 e -~ . . .-.- .- .". L] -
- - " -, B - 1 -
& . e : L
B R 1 ¥ ., -t
O o |

aom _P_mw a@ mﬁ.ﬁm
UOIIBADIT YINLUIZY

ZHIN 068
sUulalled UOHEIPEY

U.S. Patent



US 10,116,063 B2

Sheet 16 of 48

Oct. 30, 2018

U.S. Patent

ST 'Ol

08T

. .-.Il.ll.-l..-._l.l_l.-.l

Il..l..t.ll_ -y »
o -~ y ) -
e ” .. ;T
i "
.I-_.-l.--._ .-_. -.v " -.-. .-I_.-.._.
CA \ : ; ; ;o
- . s Ve e - /
o L] ' l-l.l....l- FaAdaa. ' M -
mm.ﬁ o " . Iq.._....__._”. “ " ._."..f...u .t ..-......._
R et
1- - I.'l ll. r... -l L] " ..- -h l'.... -- L
.,_._... _.._._.... L Kt " ! ! d e ! ,...-..
S ta - L . v ' " J .. S0
- \ -HI . - _— - .I....-_.l - l.-.-.-n-..l.-...l .- ll ll. L _ ___.__ mNHl-lv
H‘- -.l 1-1 ..-a_ ii-l I|l I| !.'- - " i-l - . .. ‘-i-. H1.. -._.. , ) l!- -._-_
-..- “”I.”_q -.._-.. -_-.t._- . " ’ .." . Ty . “l_--._.1 -..__...._
Sy . I . _._”_...__..._.. ,.____ N n ”" ' s N ___.-.ﬁ..-._. 5__.. ._.-.. h
l‘q - L 1.... - 1!! - L] u " ! -.—. ' ' l.-l . III .Ii
. " 111 " . . l- - ....I_“. N l"I - L) S __‘l T N _-.\.-. "
._..- e -r " _...-. - l..... v Y il N -l .-I- Ul.- -.- -_
’ AR A PRI T T N T |
. 1 _I.l. . L .l - r __.. l-. ... »
I-l' |1.}.l..l. -il If.liﬁ‘q " .‘- ) l- ll. .rI Il‘l i.l .lll 1‘..-;
g T SR s b W T
P "u - " L J
[ 1 - L A -
#. 7 r._-...... ..—. ) " . l......-_-. ___.. _.."_
t-. l- I‘ - |I' - i-. l..
P e ol i_. T “u '\.-. ' “ __-.- a" -1
a - ..._-..._.-.l .-.- . - ’ > - »
-- -.-.I.._.l,l.r __- ___I_Lr.r -.- 1.I.|.1I1-. _-
: : “af ’ , e . "
. ..-. + LIC . . [ - -7 . » L]
1 L] -" .-_l.....I..I l-..l - 5 1 .
. . . " r
ﬁm “.I.P.I.I.r.l. - .. i.. ¥ __l i“ i- !il.ilt"
1 .r.-..r.r.r..r..r..r..r.-.r ...... 4 - 1||..-...-.-_.rll..-ll . T
v ! o PR o . '
[ .— a “ N L ._.I_.-I..I-.' ._- ’ .
. - ] r
in_. . A" * i e e L. -.- " ] ”.
" ”_ - bt - ul.."..__.. - i ._..._..._..._."._......._..._......._...r.““ N “ ...
. lI._...-_..ll...l.-_ 1 . ' ..r.r.r.r.r..r..r..-...r..r ..... ]
- o ¥ 1 L] g K] PRI
: . , . : ; ; OLL
1 o L ¥ g
g " e 7T ! ;
l- f... =" T 1. Y. i l. *
. . -.l-l" -_- ) 1 .rll_-_- 4
' .Il.ll.I! L] ...-.I.-. rq T, l- T . 1
e " % R -~ ; I . “ et
K .-_. -_.ul...ui" " _-..‘-_-. " .-.._. .-.u
__-.- .__.- _II._.-..-_ __-_-_ - -._-._-. __H . - l- -1
-_. - =T iJ. .Il... = o _.li _-..'-l,..-. 1
. .llq q _.-. .'...r.___ ”-...-_ ..w. Rl .#._.
l.!l... . .q.- -.-.r .-“. " -_.r.r_. s et
o L] - ’ .
L * " (] s 2
- y - ¥ e .;.1 -
- o e LN :
e E 8 P
9 . " 1._. Ml -_... ..._. lj_ i-_
J.l l._. . ™. ' ¥ " “u ’
X 3 s ¥
v, . 1.1.1_- _r-_.. . 1... r _-.._....-_ i-.‘
g o R
_-l._-_ . " lt.—. -Hh
. -~ L .-.-1
" -_‘. .. l.-.-
L] - -
- y "o muﬁ L%
e fl e o * -
.- L ! i. - ol [ Y !1 |i.i1
L A t ‘u -
S .__" * ”.. i u..u—_.....u
e F . . . )
¥ * ; — .-
b ; L
JKN i

.06 14d

ZH

08}

-l.ll_lul_llllll._ll_ll.ll
- LT R
\H\ ' v " twa.
- 1|.r I .-' 2 -
- Il_ l—. .i “ .- - "m
L - -
- ...l -_- ' L] 1- l-. *u
L | . -,
n_....... ___ﬂ. " Ilt....-a..—l.. PRI AN A A ¥ ! .
m m.ﬁ i _. - - ! . = wla ; ~-.
.’ ' [ - s 1 1 .-._ - b N
.= ' ] - - . ‘- r L
- . T " Ll 1 ] il iy .
. . .-____l e . . L] ! F *a_ F "
_-_.-- _...- o 1_- ..._ . LB M ..-.- Ty, |l- "
e e . 1 + 1 7 ' ' L
» - P ] .,.- R n.- .n L . [
' ' 11.. “u N i R A el ¥ : o *u Nﬂlil_
.‘l- -...___ n' ‘m - L - 1” - L] “r's . r “ . . - d
’ . " Mu . ' . 1 - -t ._..1-. . F .
. -_”'.- - 1.1.-_-_. -_- . L | . t-.l v r __l_l.11 L]
s LS _......._-.__..._.. o P ! . : Ry M RN
r "u ! £y .-.-. L * 1 ‘- e - - L
-’ ., . - o L . ¥ 1 1 ) Pl . -~ r
-_l ‘i L lI - L __. . li 1- L . l- i_l ‘.\l L
-- - - l._f !- L l.f |-' aet ” it R . .-.- “ ‘e r f.l il
.—._. .-l- L L-._-l.__.- . ".l..-. - . y . ) " .r-|I._| f |h_r ) e -_._
r - L . PR | 3 1 . » L .‘_-- ' L ] n
. - r » - '
rF -..-..-.. .-l .-...._-.. .t . - o Hl. . ! . 2 g -_l-. ’ a .-1..! . - _...l-_
! *- l- - A " . L - 1 L] b *u " Ls L] l.-.l -
. "y . - . Lo . . N L, o - R "-. . L
. ll W l"'.- . . .HHPH i HH. H.H -\' L") ~ ] M "
* . .. A - - " PP P . £ ugh ST R\L-. - L] "
" .- ' - K - . Y ) . w, ¥ . - . - . .
.- . " -.-. . G ' a_i o L] K s - ] FH .IJ. . . . & . 4
- L] - " L] R F "m F ! LY [ L]
’ y ] a ._.-___ u s o T TR S o - 5 " - Y ;
J e v M " . . LI L S 14 ¥ X r e At L X L ....-_ A . -
r il “u I-.l h_ - F l_-..-. "1_.-_ " ..-_ .... -.- . .l [ __.“ [ l.-..- Y ..ﬂun - r ' - -~ - »
! £y F S Tu " - . Y N “ . “ . __.-! “u ot l.-.l i - -~ 1..-_- -.
. . *tu ' o - . T . . e . o ) 1!1_. .1I.l . e % i
) 1 e e A - . , L . 4 11._-_._.-..”"...“1_-_-. ! -.. r LI LR~ - 1l- . L]
. , “ oy P - u, _.”.__n. " ... y LR g r\" . - i ..“ lq. ~ . “ b
06, Lewneaanl ! i T S S TR v T b p . :
m. o e e ke e i e P e e e e i. 1 A, l..!ll_-. Il_-.-ll. -_.1....l-i.l.- ...l !l-|1I ‘.-.l.i—.l ’ 1 -I -.ll....it.l
. .-..r.r.r.r.r..r..r.-.r..r..r. L e . AL e Tu . ml e . =F - - + - .-I.nl.-..-.-..rll.- * 3
L] A 1 e w T el - .r.-I_ L L "II e L % et - 1 L] .
| > b r.. e e ....._..._......._..._......._..._- e _-.--“._._ * -“ -"”...__....I....__..- p R o T [ 4 r
+ * £ e L e R N R ! ' ! ¥
1 . 1 . N e = X IIII.I' .H.__. g A B !
. . . .H!x .__-.._.... - e et .-_._..-_ - Ht..uﬂl”-_"l-_I-fI”_-.l . |.-.- e Pl ™. 2, ) . “ 1 .__.
. : LN Ll y - e T T - a L e e e e e e ' r
__-.ll...l.-_ll L] ¥ . - P L . "mag . | EEs i I E R EE Y ]
..-_.-t.rull v M - e - \ -l.”I.__.... o g r_-_u..-_‘_-_-_ - S ETs ¥, . ....-_..r...._...r......_...r.- A
. .u. e ” - - L ll.ll... o o drah -J-..__-.”“HI\-...-... - .-- e ! W . “ ’ .-r‘“.—hm
L A - LI r e - . - . ) N ' |
_ 3 3 P A I . ; _"
» L] - ¥ - - » a F . - - 4 - ) o Y ! i
* L] .I.-.\-.. ' 1‘.-_. Ex . ' I o e e b . il [ A ¥ ) ;
. -_._ L - o T, - .-_-.-."\ : -l ._.wq t- Rl ..- Iy X . . ., N A 1 LT F ”
-I "] - -I -_- A, ...-l.-. rq |-! _-.- .-- '] 1 -. r X l- -__- T T e ._.lu. - L l- _-_J.l_-. - ’
R o . M X . - - ' LR T . L hl_. - s L J -
Ly ' ' . Y w t Y L " ___-_I._..-. -.-. . & ] e
L) -. er r. L 7 Fl * » n ' 1 l- ay -_J_ o A L 'r L]
. . o * o .’ __t_. I - L el N a M . h
' y -~ . i R ST s U R - S ;! .
- o “u " L l‘. . Uiy il .HWN.I} ' b "o *u T . L a
: o . ", : R ' . . ra, o P, a
LN .--.-.- " u.._.” od .__.._.._. . ] S . ; ‘a _.____ . LN . _...._._.rr .r-.h. » . -“.
" . . L R - ¥ . h Y 'y ' = . ’ .
r I.' o . .1-1 l.'.-. h -- . . -l - - -~ o . l'-. » )
.-_-.- " - 1 l- . LR ” .-. ._.— __' o l.-.-_- r ” - i -._-._-_.11 1|
. .-I\r.-_-. - L. __} ._.l y e w ala a ‘m" - " L] . " . L l-.
n " .. - . " n ' .__1 ' o r bl L I _....l-. .'I L
“ . Lo ; oo Ty k - ¥
[ ™ E - R L] [ ] ! - F -
_._.... —._-. A 1.-1 - - g “_- " . ._.___ " ___..._.. TR H Sy ”l-.
- e L “n F . v il . \\n_._ r
B L] A ELF [ L] - b .
" i.l\‘ -_.-.- Hu.. .-.q Y - '-”-. n -.___. . -.-._.. -~ l.-_ H . .-l.- -.._-_-. ._‘I‘
m i " .- Y a ; o SN LR o el e 4 " "
ﬂ___-__ - LI 1 ._“_. ] O I Y ____._. 5 p .
" [ ] ! . L]
o PR, ! a1 - L i ¥ P A -.qL.
. . -.l.-u.. g . 1 : . - . -
= .-.-_ u..l 1 ‘ .-—_ [ u..x .I.-.I L . -
-_-...-_ K i- o u_.un , . : (] F a _-_' ..u .-.-
.-..-_l-.-. . hao oo - . % X -__. -._-.-_-.\..- m-m”m
™ ] » L A W AN ¥ x A ..H .- b -
. ¥ : e el . b
T ! L o ‘ Ve
. . L -. 1 \ l.‘l.
- t- u 1 LY - -
- 1 ] [ -~ ]
e n -_. PR )
-y " L] i.l'
E P Il..'.rliil...

-0 Hdd
YINntizy




US. P
atent Oct. 30, 2018 Sheet 17 of 48 US 10.116.063 B2

e ” ' : 4 e
- -* . % : T T e
- " " n 1 !- e
r"‘ '-.‘L l:lu : : l. : “" .
. - L R e o i v
1y . ™ N e T ; -
o 0 - L ol : R S S 0
e e T A 4 .
’ -7 b 1 ‘ - - m
'_; ) o % N [ 1 1 . ‘"'.'I‘. ., T
,-_ . et " .‘_ " - : - ) : . “' . ‘."
[l l.'i.,.‘ 'i:.:., “.. :'.'.'. '.-‘:" - L:- . :i-" - "' -l" " ‘\"‘ J',. ..l
-‘- .. "- 'l.l L _H.. - I‘! 3 : ::- "I-I"“I_. "'- |'-|_. u‘\‘
:' - .i ..lq ._\"-:‘. ) |. 1 : .. ..l' L .k-'l LN - -' "
":"1 ',"- Ill""::l'l-.I | . " ‘: ! ¢ hy s -" - -"' b
] aF 1 1 L] L] "a et
ol e s e al J o 1“1’7 . “"'-., “..'
l" ’ : : ..'\'“ K . - ] '\-\."‘
S g 1 ::. . -, ,.-l"‘ '.1 = -
. o S T I P 1 3 -
I..: ........ 1 ..‘.‘-f' - 1-1‘ ‘:-- - ‘.
X *u - : a “'. -'.l -“‘ . ™o l'.
N L P ."" l_. ‘l
1 - I'.I . L] _\‘..\_ ll'l.

- .

i B

prut=m" . - » .

L ] --ur = --‘-.‘-‘-.-“I'-"-'-‘\-'-"-""i'-'\- =, N
-

Phi 90°
FIG. 27

Flevation

» : "
L r
- a- - - F II. :
... - :“"- il ST - : .:
T R el WA TR ¢ R SN r RSN .
‘. Kl I:_ : - ‘I‘:
:II . -' --'l_‘-hq_* . II' :
.lr. - ’ .;'l:. 1 " T L -l II'
K - u e ¢
|_l - o . . L, : #“ .-I' ‘~-' " I.r
. 'l. ______________________________ e - -_::-:_' 1 -_“‘ J'" Fy
[ . s 1 ]
( q R > Y ;
. ) . L " ‘_“-
|‘l. ."': ‘;'--‘. -' J.' :‘L ) :- ' ‘l . E i"’ “‘. i"
. a2 TN . b ! ¢ " : : e )
AN S A N X ;
h ‘- "l-‘- "! - .‘f » 1 . . . l.‘ .
1.- I'F"'-_‘ !l ':.-'.- - ' : I-ll' " p '.-\‘.. L] " ““ . .J"
- L A S / R o T Y »
k | R =~ . ’ : ' ~. v .
. e T r r ! - "
A A R T o AN
. ! "'1.- N "F 'l .“F‘_ . 'I' 1 1, " :- LA _-‘l :,.' m
_ . . e - : eew -_‘::._'. - ‘.' " - - N
lI_l.IlIIlI 'I :I‘ . 1. = ' ‘. 1“ _r,. N
" :r . : “ LY . :."'
_ oy ! ! ' L
o .;'I 1 1I ‘.-‘u -
T-tw '..-_' : 1 m ae
A =l
P l J ~
S @
4 T &
o
..‘_,-.r. ok R R R
- e --u': T
v -\.'- -.: i L E :“- "--\--" -
: ,.-‘“'. ‘u ‘: 1 v :" .
. - ."'.‘.- . . ! . r =
" NN ‘..‘. b . ¢ e
T " L D ! .
L g ,,r"'."\. '1‘ - - .'. : } . ut ." . g
. -~ ". P ! -.. II‘ -||I : -': - “_' l'l ““‘ m
",.-' ".. .- " 1I. ' 1 1 . ""."." A . =y
P v " “‘ . . PR .:,.. - ) r :' “' » . "
' ‘! !:-:. . d :l"'lnl:l' .l\-h-“ '1 —-."' ! i' ’ ‘.
. "'l.. . L ;:' Ly '“-‘. * 1 L - I::\1l "r “I.’; "
W * '-' . kol -.'1". L ) 1 g e T = ‘..‘
4 - k- '_\_F.l " 1 1 S s ] ! ) - .
r _ " g = LA ] ) "I',. . o '
.u':..‘ ‘-"' " _.! .."‘ " 1.- » : ! _'l' "\.‘- ..' - F'-" “h
i & : ‘\\‘ - C M " o TN --q.."_ " ' '.l', ™
, . S ey o . . -'1.. 'a! ’ 1 T e o B ' i ‘.,.‘ .-'-
A "'l-: o P Y " ' gl gk 3 ."" - "> r v ~%
- . ar o " A . .,.p"' "\ -~
'I' -' . .HF! -', . .‘ '-ﬂ'. L] .|| . F!H -|.| 1 ¥ "y :n“ - ..'r '.I r - ... =
i ' ey * "."" “.- : . .: i s T ey - “i' - N
> - g " - "Il rl L J h ) ~
T L 0 A T S I : AN T E
’ - . . "u_ o L " ':I._.- ek 1--:'_.'_“1' : R h""" . ‘_-" . b
: AR A AL N R A i o X e
lﬁ ! ?" ‘. “m ':.“-r “."'l- "‘ﬂ “. h 1 i " F T S . a .‘I“r- . % “' -* - .
v ; P, ‘ ., ", “\. L £ - o : ar™ .
el |' L . ~ -l - . " o g . - = \ 1 - . ' . - y .q-.. 1. [
} ) ; . e lor ; -:_‘_ . -._‘_;- Nt )y f ) o < T \ ‘.Ir
e ) ] - a . - Ly
M : ‘! || b i.\,_.-l"h . 'll,..'_'_ ‘! L ‘\“ - L] ‘:' -:_." -’ . - _._‘:" e Il-'.' » ‘.F .I
- . | I A ] - - i
1:'-:.'-‘ ¥ : : ::' - :i"-,,' “u, et l,.':..::"'-'. :.:: -~ ':.... T ‘: ] 4 _:-___,,.,-,_- N
. 23 v T taay el L T L R L =T
E " e T . SN ‘ ) :' R (N ‘-‘:‘-'-I':f-.‘ T PRy S ' : i'E P ’
s £ y M '\-"'I'l. "ll'\-'\-'\-'\-'\-'\:'\-'\-'\-'\-'\-'\-'\-4.'-\.-.,-__________._':_'_:_‘ e .h :E.:'_' _-T .:.-*-- - . " : ) 1 . ¥
. r G“.: y q;. 1 ; : e -‘*-‘:' - ‘.:.:" .:”’ T ":;—'—"'—'—"-—I—-'-—.—.'_—_ _:_—_— L :I-.I : : {:
. . poam == -..i.._\‘- L - . . | el cop e o o o g o e ey ey e e .
Pl &, 2 . d} . _‘_.‘:}{w TS - oy .:':;"1"1:; e :.-_ et oA h 5 T ﬂ »
1 & mwt areh = ' P? ol et A Al P T yT e A M 3 ¥ v
L an ': ) ' -'."‘ L l'.. h-.,;""ﬂ\. ! * .Ip‘l'- 1 “'\lil. :-'-!., F. .I' r
: . M ., - ..-_ ' ’ ."1-‘ .'F [ ] ; " ! 1 ‘. ‘-il.'- P " ‘ . " - ‘ll_ B . ST - -:.'I - | ] 1 '
"I i :. ‘."' '__\'..,_. . l‘ ..q_-- 'l.I|I J."- ‘." _-l "-::-‘l":;r\. !il'" ] :I!Hil! , .x_.x. - " ’?" : : LA I _1.. '|:‘
- - L] L= 'I " "1.- J Fole LI .
.:I Fv - -~ - ..; _‘:‘l" ."' LL-.". . .l" "r |: E L "' ll“., .\“n:' . *a e '|' . S " ;I I;' ) -:: . i .
- v v r . * " g T * BLE ] . ’
\ -.,_-"' " _\_—"'.ﬁ .“. p '-4-"' P : . "'l ' g L .“:‘ . 'l.:'.._‘- ’ a I . I .
.‘- v! - I-.' -'.I :"' g o - ]""' “'l:r : i :‘1'-\--{' . ) “.'\“"' J-.""l- r'l A e v -l:
I|l| ‘!'Il'v -.. --. L .\_" *s ,.'. -l". -'. “:- ‘F:‘--..:.‘ I:| ‘T" bt .q i ."‘:': _.'l' "- . -
' 4 o " L ] r .- " o e 1.. L.
" S A, " ';‘.“_ ','" ’ i : % . LS : T - o M. . ‘-l.
TN T e o RN d
t.» \ I e i _’ "' H.._:J 1 ” 4 \ . = ..\. ‘}:.. ._’-..‘ II-J.
N SN .S, T, S Ll . LA
y e TR A+ b : . - ..
T ALY Y PR S L e s
. - “ ! St rad i . r Ll -.-\- .'ll d
-:.i ‘-'-. . o P;.- e - : 3 . .._\‘.:" 'I‘. " ",
A - S TS WP A o
Y N e e e U TR
o A7 ! ; . . A
"-.i E._‘ ‘; b - I" ,: : .'I “' l. -"‘I' “‘hl. i'.f
m “‘ ] d " - .l 1 1 ‘- - - - |I- m
" . ] e, 1 - "y . - g
) ':-w..____._______\_::,«.--" " . ",' it
e :‘ . 1 . !".. T L
‘ll__‘-. L] ‘: : l‘ ‘I. .._1..
- "" L 1 E ‘I ." -
i A 1 Y e
e : e
™ -"-. -



U.S. Patent Oct. 30, 2018 Sheet 18 of 48 US 10,116,063 B2

Frequency {MHz)

FIG. 28

{igp} uten



6{ Dl

US 10,116,063 B2

(21N} Acusanbaig

Sheet 19 of 48

L Ll o L 1
- -
.
’
’
’
’
’
’
’
.
’
’
’
’
..................................................................................:‘........................................................................................................................:‘...............................................................................“.I
v
’
’
’
’
’
’
’
.
’
’
i
..........................................-........-........................................................:.................................................................................-........-........-........-........-..................................:.............................................................................-........-........-........“.I
v
’
’
.
’
’
’
’
’
’
’
’

T
e g T e e B e e e e g B g e e B e e B e e g e e e B I B e e B R

P R L R R L L L E R R E L E R E E E E R E R L E L R E E E E E  E E E LR R E R E E E L E L R E EE E F  E E E E E R E L E L L E E E E E L E  E E E E E E E L E L E E L E E N E E R L E R R E E L R R E E E E E N L L R L

Oct. 30, 2018

e e e e e e e e e e e e e e e e e e e e e e e e
x

fr x xmx" ¢ T
’ : | EERREERRERER .
pEE R r R
: * EEERERETR N .
v
: ® R E
KK
. Hat EERERER .
E K
ERRERER .
ERX R EREEERRER R T . .
M,
FEEEEEERFR
VT T )
R EEREEREEN -
EERRRERERRERR

-

EFEERFELRETRF
LR REREERHNHRK R

EEEEEEEFETF o " u.n.nu.nnun.

U.S. Patent

&S
£

-
N

Q
&N
{sa2183p) yipia wesy

-
<

-
Lo

04



U.S. Patent Oct. 30, 2018 Sheet 20 of 48 US 10,116,063 B2

e,
oY
Frequency (MHz)

FIG. 30

10
93

-, - - -
rst < 37 i
{seaidop) YIPIM wieag

60 -~



1€ 'Ol

US 10,116,063 B2

{ZH ) Aouanbaily

o G o © %
S 3 o % NG

: : '

Sheet 21 of 48

- 05

001

. » ﬂ
e e e e e e e e e o e o e e e e e o e e o e e e e e e e e e e e e e e e o e e o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e et e e e e e O m

X . . EERN
w R R - o)
e o e e e e e e e e e e e e e e e e e |, 4 e e e e e e e e ode e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e | 4 e o oddm o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
x K ot

- 00T

Oct. 30, 2018
(gp) yoeg 03 Juoig

A
A
W

L]

r E -
5" "
L B I I B W B I B I I B B B I I B I I B I I B I P I LI I W W W N B BN W W I N B W W I W B W I W I B W I B I I I I W -r|.*""'.‘"'.".‘""'.‘""..".‘..".‘"'.".‘""'.‘""..".‘..".‘""'.‘"'.".‘"'.‘..‘".‘-.‘""-*"" -
w . .
e e
r r

. . ™
Bt o e ] 1..1..1.-1..1..1.-1..1...1.-1..1..1.-1..1..1.-1..1...! i e e e e g O Om

A
A
A

a L
-ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ%ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁlnﬁluﬁl|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|l|lnluﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁEﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ%ﬁ

U.S. Patent



US 10,116,063 B2

Sheet 22 of 48

Oct. 30, 2018

U.S. Patent

{31 U D tetetatelsletatelels

m wﬂﬂ : ]

: + A

m HWC : “elelalatelelela s
-,

N. u.mc D L

e

e
L
1

e
L
1

ik
1

g Huny

T HU[Y sacosacoa

e 'Ol

(ZHN) Asuanbaiy

1Y

e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e o g B B M

""""""q.'""""""

i -
RN
ey
Nl e,
o . -
x x ol
Y ¥ s il 1-_-_|-
L) . ¥ 3 |
||n...t|.- e ...“. .___.-”-_ L
Pk v ® B 5N ¥ »
LA Mot a3 A L Ca) L
. - N H
_...__..__.._...._..__.._...__..__.._...__..__.._...._..__.._...__..__.._...._..__.._...__..__.._...__..__.._...._..__.._...__..__.._...__..__.._...__..__.._...__..__.._...._..__.._...__..__.._...__..__.._...._..__.._...__..__.._...__..__.._...__..__.._...__..__.._...._..__.._...__..__.._...__..__.._..._-_"1....”_-_H_w_-_...._...__.”_-.L__..__.l._1-_*H...-...-.-..-r.-.-.-.-r-...-....-..-.u-..-_.___n_-_ ......... A e T A o A A A A A A A A o e e e e e
o . .
e * - ¥ 5 .
. - . [
et o) K- et
(] .-_l . ___.-_- . ......... - _-..-._-_.-...-_ H ll_-.-_.-_l._-
e DR R el N e St e

e g ]

- i -+ ¥ L]

L

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa M “

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

S ]

o

+ i

Iyt
|':';'|-'|r-.,

et et et et et et et et et et et et et et et et et et et et et et e

U M N )

a
-

L e g

o )

[ ]
g ::."
l-:l
o
xx
»
-
4-:- -
X
u

o
*i L
L]
L L
i‘i‘#
]
F

Jm

-
L
L W

L ] '4' #*
*

¥
Pl
L)

L el W 3

¥
L L B

L
e
'l-':t;-
r B

¥ 4."'"' -

.
|

L e
¥
L
)

L e el o

!

e e e e e e T e T a T a a a a a a a a a a a w a w w a

L)

-t
)
'

*
-i-"._‘l

S e e e
>

o e e el el
e
Lo e e e
-
X
maa et

]
F)
l“i‘i

s

-

1w

L
gt
[
L]

L ]
™
L]
*I.

»
o
L
LY
-
L ]
o X
-

L]
E
]
:.
-
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
i)
TTTTTTTFTFFFESEYFTFATFTITTRSSRIRIEYY

o

L)
>

L]
i

O
i“‘i‘i‘.‘.'j'

o
& b b bR
ilii}iil‘

W
]
F)

1“_‘““““““‘

i.l.-.l.l.l.b.lb.ab.q..'”'ll...l...l...l...l.-.l.l.-.l.l.-.l.l.-.l.l.-.l.l.-.l.l.-.l.l.-.l.l.-.l.l.-.l.l.-.l.l.-.l.l.-.l.l.-.l.l.-.l.
*

X
&+ &
| ]
L]
&
L
»
"

..-_“
Ea0)

”.-..-.-.-.-.-.-..-_ l_ N

)
»
'
»

P
L)

i
L

»
.
T
E ]
.
-
L)
L ]
[
)

L )
-
Ll )
b
e L]
XX
r L
-
R e )
-

-

.-

X

*

“"i
11-:1-'

Y

*
'y
L ]
]

-
-
ar
]
L]

i
-H...
P

i
-

L NN L
L

i‘i
B O N L L L L L L
*
X ¥

L]
X
-
u
L |

-
)

-
[)
o B Rk
i,

L L
-
J';'I .E i"-:-i-'.

o )
Ty

L Y

] "
e'n

L ] ‘i
L |
L |
ey
L |
L |
b
[ ] " 'I
e,
L |

-
.'l-
i

LT

*
L]
|
o
-
-
4
1
L |
L ]
1
L |
L ]
1
L |
L ]
1
L |
L ]
1
L |
L ]
1
L |
L ]
1
L |
L ]
1
L |
L ]
1
L |
L ]
1
L |
L ]
1
L |
L ]
1
L |
L ]
1
L |
L ]
1
L |
L ]
1
L |
L ]
1
L |
L ]
1
L |
L ]
1
L |
L ]
1
L |
L ]
1
L |
L ]
1
L |
L ]
1
L |
L ]
1
L |
L ]
1
L |
L ]

'S
»
[ ]

I e e

.
+
L]
L ]
L]

L

4
]
-'-Illii

)

¥

L)

-

e N )
L e e

]

LI N L A )

£ 5 R B -4 w..ﬁ

L
L3
)
---1--.-.'1.‘1.

LA N

& .
L LI LI

iyl iy i i

L
L]

ok
-~

UMSA



e "Dl €t Dl

087 81

s _.-.l....-l.-.”.,-l.lul L e

- - I.!”-l ”-

. 1 ’
- ' '
-~ T 1-. -__ ”- . .__-. L
.~ v .l .-.l._..-l Irrlll_...l....l,.._".rllrl._-.-.ll...ri .-l[ s
.l __

US 10,116,063 B2

- '
* .
L ..l l_..
-.__ i L]
.\_\.n
- .
. n

- e

s
oL

06 R - R : - : ----- SR TR T . . ....--.--.--.--.--.- Ot 08 o o . . : . o - ”.. ke e ow .”.”.“._..--.--.--.--.--.--.--.--.--.--.- 047

M e R W
-'."r---._—

Sheet 23 of 48

’
i

i s ot S .l..t..-__W - I.-..ﬂl ) % E .”_..“.... - ...._-.-.. e

F
(]

_l_-_.._ “u l- " ...___-.. _-.-l-l..l .l.. .I ettt -7 ] ..r. l.- ”_-_. ._ ._-._._. Z . l- R -

ot . R . -._m_ "
- .
.-l....rl -- !

_-..ll.rl,lI. .-... .I.I.._..l
Ly - e
LI T ....-...Ih.lﬁ\lt :
r

0 ¢

Oct. 30, 2018

06 Md RERUL
UOHBAS| 3 Lantiizy

ZHW 0SY
suJaljed uoileipey

U.S. Patent



US 10,116,063 B2

Sheet 24 of 48

Oct. 30, 2018

U.S. Patent

9¢ DI

03%

ll..__..rl...- -y .

- ...l._‘. 1 bl -
o= 1 1 [ - .-
L. - ¥ ) 1 .-... i, _
P v \ x AL
- l. 1 - - o - .“. l.-.._
l.._...... LY S Sl ". I T g Fa
s - L * ___ 1 ' T *x .
. -..-. B N 1 - .1_-_.-. ] -.._.....
.-l.l ..-_ - o .- ._- " .” .-.- ~ L nﬁ. ' -.____-..
- l- _I.-.ll.._. .- ' TR Ry L .-.. h_ e .1‘. .
pF " I L | 1 d T m g L L
.-.\._. .I.-.-_- .- - .-.-I 1 o _..._-_l._. -l.. ...“ll._-. [
—“ -!l.-.f-._-_ - - —._- ll-ll. .- .- “- b ”I. L - -l‘ - . 11-—!._.-.-_
m-l. H f -.- l‘l .ir I‘l 1| -I. ..l. " __- t‘. l-. .__l. ll- i_:..-_ lI\.-. I-.-_ m NN-
- - ! ® P N I T R LT ® ’ u
o .-.-___ .1.-_..-'-. -. -~ -~ .-"l.-. ". __..li._. " et -‘- ...“l e ! " -_.-_....
- = . .-. -~ . ) 1 .-_. - .n..__L . L . . _.-.._
l\\\1 .r-..-___ ll\ l.. - - -_- .r " 4 -.- - "u -.n‘. .__._.f ’ _-_______ .-l___-.
- uy “ ___.._..-.....- % -__ 1 { F T taa -_._-.\‘ s .._...__..._
. LI o _.....u r . ....-ll-..__.tlnu..:-.-t.-..._....._-.-.__.._.: h ..-i- . 7 -, .... . "
] '] L] _r L} - [} 1 3 T . LN . ' S N
Py M, . .._.__._ . % - . 1 . g I y et - *
- ' L ..... _...nll. ..___ - -. .' ! ’ .‘-.- Tt ' “u_ - -.._..- .
-_.-1 .-.__.‘ ___._L.... -q.- .__-.. - T . ' " . g -._.l-..- 1.1.1-...._....-_ ._._.-_.-.__.._.. . *
._.-1.- -._-._-_.. - i‘.-__. 1.__.___1 -_-.1 - 1--1 ot d -_.._ .“ru_l - I.-.-.__..T -t |".-_ o l-l_ o - _-.ll“..,-. ._i_-- -.-.,.-_1 . ..- .-_.-_.-..r-_ " _..r-. -_-._ .II- 1\.._. .-.r
. L M ) . " o ¥ 1 e . ...r " ! - Lx
X .____... “r_ . ...____....____._.._... _...._.._ u___u_..... . ! " ___" -.“- " -hl” . -____._ .._...__.._.___-. __...-_ . __.1...u_.____
r .._-_-...__.. ! LR " ...._.... " " 1 L Fi ! s T ._.__... *u - . R . b
l‘. .—.-._l.-_ ' - - L w w w w L. |...I-1.. -7 I.-I Toew T -l * _-...-.___ a ......I J' -_-..-- -1 -._.
I ’ -.._ = .._-...- ....n_- i . . a il . ! Fy .- .~ .-__.q T ’ - .__ - - “ %
_-"_. r s rh . .__.__r ..... *a - > 3 .“ " 1 " . . " ...__..._.... - . ....-_h ! " -
.-.- e - - _h. -—. .-i. ) Ill. iﬁi -_i....-.“ fil l‘l -_l- i—. .-.l ! . . -.l.”\l- = .l!- l‘l -__ ..l- -i.i - i l..
r Foey ’ ’ - F . 'y - LY - - 3 . o Y
-.— g " r.......__“ ! Lo e 3 -__.___ - : 1 -._...... " -_. 1-_..._. ..-_41 g "- o - h .-
- ! .- - T -‘1 ‘___ B ”-....-_ b ] . . ”l“ ...__ -.- .... I.l.l - -._ .v ..-
a ¥ Iy ......_ . . " s .__a.. “.-... ”__.1 - Ik . iy u. ___. .n ”.
, g s ¥ -...t..___. j ._._-. ' ™ ’ __.___.__ ..... . 1...._ A 'L 3 L [ 1Y
| ] ] 4 l- -l T . - ! 11 “u hl”l -_\.- l\l.__ _I.l l—. L - = .- .. ._. '_. '1
.-1 - Il.,._l....".-". L N .- 1-. “ “-.I._.l - ‘-__. i .._-...- J ._-._.r-_ . ..q.u ...__.-_ l.II .-. I.-_..__“.I ___- “— .- . - i “.l -t l.”
S T e e R A SRR TR bbb 3
' \ L \ : gt . LI "t ] . R R i} . . 1
S A S e T T AT R R L S T
. ’ ) 1 ' ! 1 T e R - ' - i . ' .. n
o N A .__. L 3 M ¥ R o = o 1 ¥ ! . . . i u. o
| ! * ! . ! ] iy " ......I.._.....I.._.lll!llllllillllll—lllll -.....I.I.._..I | oy oy L N N ] L N N ] - I
Em ".._..I.I.I.._.”-'.._......-_..._..._..“m_..._..._..I.._.....”I.I.I.I.I....".I.._..._..I.._..._.“.Illllﬂ"lllllnu__"lllll.“.l ._-......-..._-...i. .". ” " .._._- .-." .” -' % Qﬁh
. 1 . . " T . b v . 1 L .
: : ' ; . ' PR s -t ! : : : ! ‘
. 1 . " (] . T un e . -7 ot Tty b . PR A | ) ! ! “ ".
. LY L] L -t L . e .. L e . TEw kL M .
] p __..- L L 4 LY Y % -~ - M . § - . ._._-. ..-.. el — “_ __" ."
1 e mpr 1 . % =" ”._...u.._ . (s v - a4 ‘ Iy ..u__..-_t.,_-._.._.! .
WP R % " ___ l.-.......- ' - o * " Lo Ve g e ] ’ 1 I R
_._ w . . L .”_ ” ____.._ e ._._..__...__.... , Ya ! ", . . ) g ; “..
l- l.- -_ .-.—. - -* .-__ll i—_ . _-._ - l|.-. ..“- .-I .__-__- .l\l - l- L] " L] r___._ _-.Ii _r-_... - .uhll...__ ll-_-.-.l Y — .1- -n .-. .l.
[ 1 L] Lo LY 5 LY ¥ 1 1 ! L) o - r . . 1
! I ot i’ . e, / L . i " . L 1 F r
b : % h__ " ! ...._“____. ! r ;T . i Fy

.'-:,: .- -~
M
i‘
.
d
1
e
.
L |
'l

:'l
l“‘
o

.

-.“- ,

i
"
*- -
»

' .___ - " . H....- .....- .... d ._"1 ....1-.....-.... ...1 . L L . |
....' e =" lﬂ.- . "~ ..1...1 - .___..... . 1....-.‘._._-. ._..-1 ‘. h_ L . . . *a a1... , l_-- - -_-.| .-.. ’ ._-ml - . -.
-_.- _..-_ b "..__..- i’ -_-_-. .~ -_ir-_.r s .-.._ ...-. g .-.-1 ) b - r.-._-_ -_l_ _l “

L ] bl b o ! L] L] ) b L L Ll
. . L - . L . F ~a, 1 | * - -~ g . s .f.-_., r .
. .. . ..l... \ ......-_...__ 1.-1 . -_n. . Ll .t mM.Fil _.._ . -___i R . -_.. . 1-.
_____- __-_- I.._......-.I _-.-_. -.J.r-.l.\.-..--_ J L] .-I.__..- ._._-_.-.1-..__-.. .__-. __--. ! ..- -
. LI ™ - o ] . D . [] 1] -~ . -~ . - g
-_l-. l.-.l ll.-. .'l-... J_-_._ 1-1 . ._-._ .-..._f.-_.-. .11. ) _-l- r . .“. .-__ - l_..l -_l- . -1.-.__ ._..1| -._J..-.___ \I- .-.11 l..-... L .--
X . 1 o . -- .-__. ] . .....r.-rl..-. I.IIII.EII!-. . .__.._....__ -..... - L] ._..- . L
' ' s v F r v .I g Rl 3 L] . Fl [ ]
-...___ .r.-_ .\_\.-______-_ K - ._lll.-... . .-.- ‘- ." .__.. - . -___.-.._- -...l“.li ...___...-.._r ..-.n__. ..‘l
* L] rr =Y O - . .- ) ) t et % ] r " '
v I.IJ. .I.!.-_ ”M-.Il . tl }”hl..- e - .-i ”" - Cww - l..-_F ....-_ “.- - 1- IJ\- __Iﬁ\
___IJ. ..-.-..-l l_-_______ __.ll..-- “ _l_luhn.r ii- .-.-T T .-...r.".-_..-..._h..l...m...lnl H- - - 1”.-... i ”_... : ..-\1 “u o
...._.___.... _._._. ..1..._. -__._.._-_ . .-. " - _-. .- ." ' L - " _.___.- -~ ..._-...____ _.___. W___.\..
s [ ] . - _-.. F ) - ___..I - [ l_. - - : [ i‘.
I.J..r-_ - IJ_J_ & ' q-. - L lu!l..ln—._l. ”" .II - ) - J.—.' ll' ll‘._-_" !l lll
% ! R e 2 L -
o . , L ! Fl b 1 o ! ___...... " ...... _
mq -._.. .15_1 _-...-..- --_ - I.-l .- ”" - ”-_. - * -.. . * _...-__-_-.\\.I -u.“.-m
. -._-..-_ l‘ .____.....l L 41 L] [ - - » [} 11.._. .
o T . i » x o - . o ) '
T & - Taa v e .._.__u._. TN . .-.. N o .
. v . = t ! . " 4 \
-.._-.n. . H‘ .II_.-.I_- . i._ ." . .'._ N »
...._....__. N - ’ ¥ [ .- : L -~
- l-...- 3 .-.“-. . .rl-._-. T - - ”" - I.mﬁﬂl... - l-..“. ” -l- -’ .-..I.r
_......__._.... .- r ) N - =" -"
L k L -
B T , dam

G

06 Hd
UOIIEAD] T

ZHIN OLY

GE 'Old

09t

o, .I._-.-.I._l -

- -. ] -
. . il -“ "“ .-.- e - . ..
. o~ -~ _____. . " ) dOT
l.-.u_-. .._.-. -.ll.-r..-Ilrll.v.__.l.r-..rl.._..-..r.ul.-_...n--..ll.l d - i
. E -t » 1 L] - L]
. .1.-._.. J....-. - q i ¢ ke . d __J_.u.-
AT . : : e AT
L o . - . a “u . . "u
.-_I.-..- .._1.--.-..|.1.-..1. l-j-. . .1....[.._1 o = .-".l. LA IR - .__“.--._1 . -.- - -.l.-q -._-_-.1
" o . e % i g - S R
vet T " L . i _"._ _... e, . Tl ., 2L
...... -___ - ' - . K | N ] al ]
. o P TR DO SR S £ A
! . * 1 o - . i 1] T . g . - *u
. oF e e h" o~ . i 1 T . .._.-_u. .
o e oL s o ._.__ x 0 i L . Fs s .r T, -~
r e - F 1 - -’ ' L '
-l-.i\ -._-__- .-l- .-...__. l“l. - __.-_ -l. - 1-U.l bl . n—. .‘-. u‘"l..-. -_\.-:._r.l .. . .__-._...r
o [ [ ] 1 * B 1 T g = L] T
. ._.__..__.r-_ LA - LR ] - ria ; i K - -n. .. _..__..-. K ___.____. 2 __..
-Ii. .... I.H Il\‘ r-.rqll.\. -'l “ ‘.l o - "| " 1! l.l.l -.* ..II i E JII ll.‘l\-i 'Jr- Jl'
.-__.. ._-__.. ‘e e \ . i u w - L ..q. . ....r___ r . '
L _..- : ______-.._... .-___ - _-.r _.-_ I.I e .l” L . .- " - . .-..__.‘ _________ . ___.. __._...r .1.-.-
v ' . - L] ] R LI L -. L] L b L] F r
. *. . b ..__. - * e Fa Ly o -’ ™
A S B L W T B A (S S
.__-. - J_-_.. . —._.. -.-.__. r____. ..q -_...._ ..___.. " i . .” n d q.--.r - - .....-... ._ L - ..._..._ "
; s .w.__._u - -.__ . 1“. AN ' |.______.....' A . s Py -_._.-u.\ _...___”.. . - -.-..__ . ___.__.
; ’ “n_d A g ___.r___ W i . " e a __..- Lh - _._....._ _._-.... r . L
. L) . Lo " % o » r o [

n.....- -, 7 _.uw S, T . ___._l\\. _.__.._ -l... ™ ) nxr i n. A .. e e L e Y - ) ] __._..... ’ __. _._._. .-_._ - .
.-. |-1. fea .‘- .—.._. - ..“_-. ._... -_..u W .....r . ” R _1.."”.| - .__-.u_-. .-_-_..n __‘_. ”....-. .._...__.... d..-._._._ T, 1.-.-”1... ..... LY . - -l ...._
._.- -.- ._.H“-._-.n . .____”_ H..“. -.....i... IH‘. l___... .__-..r.._ .-...__--l l.-“- - "” l.. ; L -_". _..--_.1._. -_-_._r r .___l -.__..._..- xr” .-. - L -....__ Y ._.-._
; . ¢ Fe &Y P - T T S R B S U S - R S k1 d .

! ‘n .- t [ M . LI LI v ll . . 3 ' 1- q.- . " ‘.\\-. -.-. -.II " iil!.l -i . r ’

. . -..- R __..I..l_-_ - -h. ”._-_H - ...1-. ... .___ i.-..l.l-....ll..-.l.{}.- e .11 * “ 3 T -l L - " ¥ L v .
..__-l...l.l..._-_-- .. h_-. _-_.r-'...... 3 .....-...-_ ._..n_. ...___ ....___ -._-1.1... . L ". --. .”-. |ﬂ._._-_ .-.q.__._. ot L -_...._.. ..-. =™ B .v. b .._ ._.. -.- I__..-.ll.-.__
r ._-_-. T el .-.._ * .-. e _-,l.__‘. h - ......f..\\l“-_ ._-_-_ % -.__ -” -_.. J .nu . 1-_1“. " qll .-.1-. . u- 2 ..-_ -_ - “.. weet -_.I ”
‘ ‘ r ot TR ...1...- r. 1 .-.ri e ..____. - e _._... " ) .. ". . .-.__.-.- - .\.\-._... - - .-. - - . ) e .&.:.i - .__. ' '

-— " “ ) _-_ - ui.__". - . ) "-_ .. “_-. . .. . ”._-._._...__..- ...__.u..___.‘_-..._ . I .-_... o AT [ b . T ' 1 . . L
¥ ! .“. ..— “ ” h o _-...-_“.-..__ L. l-w ) _-.ln.-_.._.. e “u ____-.-.-.._”__.._...__. ".-”.-ﬂ.-ﬂ.nt_....-r..._..-.\ .--.1 i i - l...l-. T s } .".. ” .". ."

] - . ! e L L | “n ERL L N WL .......1- .-.-1.. ] T P, [ 1 L)

oY i ! : rae f “ S o et Lol T “ ; } i ; .
gm ..___..._..._..I.._.l-l....lj..l.l-.l.lll....l—l.....ll.lj_-lIlllllllll.ﬁ.lllll.ﬁ.lllll'.-...........-.......T.-I..,l.....r.....nl.. II_ - .ih.l.-_..._..._..-_..._..-.._..-_..._..._..-_...___..._..-_..._..._..-_..-..._..-_..._..._..r.” Illl..-_lllll.'lllll.:.lllll- .._..I.._..._..I-. Qh.ﬁ.
) ! ¥ A - 1 * 1 ___ I ey e E, 1 ! i roy 1 r ) Y * '
: : : R4 4 : It o G ST : - i ! ‘ ;
a 4 m . “u 1 e e Lra |.._...-.__.....__...___-._-..”.._____.___.___ L -t ___'..,_-._.J.....r . \ . 4 . 1
. L} k 1 1 = 4 L] o " ll d... L -i LI . }..I . .-.l.l -l-.-..-..-. L] L] + 4 .i

S O G S the A T . Y T

. L At I N N Y I A 1 ST TN Y B

‘_. 4 ol x . Y T R o .-.___._. . - A T L .r.-._-.._.. a r F e wa . r

1 e 1 a .__ n .- L 'y _...__.... . . e Y L LR M U_..- . P e d ! L R Y - .

- - . . . l'l L} ol " Hl .n ill r [ - 4 H fl L] " ii lf.-.! L] .- .III.H-
H .. R b e L P ALY o S ; ; : ;

y % \ AR A S B R S A S S N SO MO ! q !

e - - - " -.. [ ] r ! - -. L] -.- ] - ™ ~ " * = iy Y ]
' .__- 1 i '-. - 1 .__..-..._.-. l._.._v ....-_.-.-\ .-l F -. r " LY St s X A k' A -1. m ...- -__. 1
LY . .__.l..ln. r-.._ " T h r - " S r ! ' -. - ql“. ._a.._ \\1\\\ " otk ' - L S ¥
. r o e . .- *s L W H p L v s v LT “ (il W ’ ’
. T - _Il " l‘ - * - - - L d - L] L r
v - -“. " " . .x. - o .... RS a.m. LR S A N L .... y T
et ) . ol *  J d ' 1 " . T o ’ r “a_ 1 S g
[ . Il 1Y ) - r '] . l.l - d . - ‘-.
l_.l ._. .__l ll..._. u_'r1 e i l.._.._ ' .-_-._-.._f._.l.-_\i .1” - " _- -” "” b ....-.I l_-.l o -_.-..-..Il ’ [ A ...‘l-...-_... [ 11 L_ n-
.-. : - . “H -____.._ . L] [ i -. L] - *~ L] . [ ] : | r L ] 1
N ' l...-._” .._...._ A B . . ...___q s ]”. - |..". - .m._H - __f- _-.__. q...._.... L . ..-.._..u....1 .- ..-H.. ) ...-. ..-
_...- .-_ .I.-.l - ..- . A , - .r.-_h . -l i__ -“ -_- -.- “?.1 - --- u.. ok .n__.n _-._-..- |ll- ..l
-.-. 1!-_-..-_ .-...._._ =y .-I”\ _.‘l " Y L-. . ". - - o __-.- ”-_.-..- .u.. 1-.___ ..- - = ..‘__.
[ ] \.._. - . - __.1 e . _-_-._-_..._ .‘- - I....I-_ F o _...-_ u.. LY .1 u -..l-.
___._- * .._._- ~ ___....... Hx ..._-_ N, i .- Tt e ' .".| - iﬂ.lﬁ " .._.... -.._..... e s -._.._-.___-1-‘ _.- _-___._.q-
' . - .H e ] e - ’ - -” » _.l .1I.- ) . am ] "
-.-_ . T -..-_.- o .-1n .-.-1 " . .-.- -. -. 4 . -~ .__-.. .1.- r a .11 l.n__.
* .__-.- - _________ A -..__..- “u .-‘.q - ¥ [ ¥ ". -. “I - -.. v ' .____.-_ A r___._ _..-.- ]
. I._ ______ u.. ._..- .-.-_ [ ' " L ] ] i - - - -._. l' \.-. .-..-_ ; r -.._r .\‘
__....-_.._ u_. .. | -_“I-..... .1 l-“l T .-...-”” - .ﬁ.l.m..l.l ". .._- |_.-”..1 * H-... ] -_.._1 .
- . - . .. - “u, . ._.__.____. “_ i . ~ o i LB L r_._.
-.-.____-..__..-1 X ._._-.._ . __.i_- 1-_-_ . . ‘- "” ."_... . - ....__.-.- .-._ ll.-_l u..x .-._.__. B ’
[ | LAC N 1 - A L}
s o -._.r__. X, s’ -_-_-_ 3 s lml * ll.-_ " - IH-. ....._..-..- ™ \\\‘
1 S ® A, - ™ ! , 0 i " =" -~ A I .
m.ﬂ T r " u..u..! .__.11 -..rl - ..-. ” -“ ! -l - u ¥ S " - m-ﬁ m
..1” i..-._-”u.“u_. --..r.-.l.[... . ". \ ¥|||.|.-_- ..__...--._-\.___ e
___.__... Lt .__l l.r.l_-__-.--.lll.-.ll-. .-_.-_m.rl.-l I."_-I.lll ._. F -.-- .
" = lli l‘. - ."|l l—. '—. HH -' ll.\..!
. . a l__-. -..rLl- r i . " A ._. |.-.l
- _._ll.- o T _— .-. i . . .Hu_. e
l-._l.-_. -.P! -._ll.l.rl." . -” l._.-...II.-.I...l |.._.|1H_
. ¥ . Dl - o X . .
- . h.. A RN ' ) ._.-.___. - Hw‘ﬁli -H o - . ...I.-.
" i A A KN 1 R A~ L] -
.. .. h 2K K, T A .___. . ul....-
_-_II _-..-Il “ "| l._-.-l.ll_-lluul

B TR -mrﬁ.u-.a . -

4

{1 144
LINUHZY

sulajied uoneipey



US 10,116,063 B2

Sheet 25 of 48

Oct. 30, 2018

U.S. Patent

8¢ DI4

081

o o o e m

.l.I....Ill.lI.llI . .ll.l.l_-ll..-._.r._l
T Ll . -
- - ;_”. " .__.. P
-~ 1 Ll
) Il. J' . .- ..- i- I- .Lrll.
- L a P ! * e
- " . 1I i l.lul.-l.rul_ " ! - I!...l-_-...-._-. . g " -_-._-_
-~ 0 - L K . el o
r . . .I.r.I.l ¥ L) 1 L e A . »
F L) - - L] h ..- L . - . HI l.-
- " - . b ’ r e - -
. ll - .- LR - .-_.-!. - . ..-_ull.- . . e S . a .~
. 1.1...__ . Ill.llll ..- ' .-.._.l.[._.Lrll _“- j-_.-l” .____.-.-. .
m m..ﬁ ..l. .-...._- .....-_.__. -r._ - ll..”..-. ..- 1 .- .. |_-.|nl -l. li... . q..I .-
’ [ r L] - 1 ] - ’ '
"‘ F* ‘I ) ‘r “‘ . -‘ -- ' i‘ " - -h- ’-l - 11
o P i ._... [ -._n !z . s - ...__1. . 58C
- L . _-..-. [} | - - - |u.” " h - .r.l_-_.n l-. .-1 -__l_-_ ..1_- 1....
|ﬁ. -.- N i- _-_l-.-n. l 1.- - . " l.lli. )
“ " 1 -h - -.-..l X .‘_- _-._....-...IL.\\..- .-_.-_.-_ .1.._.-___-_
LA .-.- ) - dlfl ‘..-.h..l .ll-.

‘1
. e - - e . - . LY
l AT o 5 §
; . , b} .__..__.__ l_-.\ ___'- . o "5 .-.. "
* n ' “ur’ L ..11.'7 ' " ot
y : k J-. L} 1‘..-. ' b - " . - 1
¢ e - . . Ly % Y -
! N RN N et 4
X " e L
§ v Y W S T T2t S S
. N Ll _....._._._. r " " . ¥ r
.--l.l - ....|.-.lw . .I\.l " "y - - L l- 1 5 L
F] =% N 1 X l..-_ L] .- k. -
' n s 4 * o e l- _.- . I-..—i - - l_.
T %L sy AU A
-_.t-...- N - -— - 1 “r.r l..-I_IL_ll . !
h . ____...-.I. 2 -... ..._.. ._.- - Ty * " .". + .
;. J.lln..f.ll.r -l r- lli. - . - - I_-... fl N i -f "
1 ) - t-.”a__ | lu u_ b ._" . .
. 1 - e -..._-E ra B ] " " [ ' ]
QG oo s - 1 : ¢ !
e uh = i e s s s s v w rwrsrrheerrw EE NN EE Ny ) :
Y " s “Il - W - .-I -I .“. .". Frex~ ._l.." Gh‘. N
. P N : : ! ! i, ! "__ 3
' . ‘l- I-_." LY o .“-.l" .. . 1-.1 - o i. .-_ - - a- i. !
F ] \- . o llll_ _— a A . [ |
: o ...mn. ) e R RO ’ : » .
] e ..-.. ._.-_-...._ _.-. ¥ B Al .r-..,.n 1 * i
. g - -l . hy .—. n . .l [ .. - '
gm0 o 6 . .___.,___ d m e ....m. ;
. X L S .._.-. . -..L.I t-. . X I l..l.r.r,l.ll
b ll [ - - l- - ™ .-_ -
[] nl i' l"}.l - - ].I-. .-
\ $ Ty §d / ; ;
_”.. ;.. + , - .__-q ..-:_L.._.u . H...-. .-- .n
% At . i r . ’ *
. S v Lo s’ e e ¥
l_._.l [ r . r II.I. p -.-. L.._.l ) ..1-
. .h- L] ...___ .-.11 -._-._'.ii ‘1 . i- - el
* L) ] Il LI . " A
“ "at M N . ’
__-. H-.. - .-.-.___.-“.. - Jl-u.. x a
1 .-_-.- . " ‘l -_ll . .1- ..i-
-.- - -____-..1-1 -_.. _l_l.- ¥ l‘.
F ...- UL .-_..- ..-._-_ K
- .l“-.I - |.-.-_ - . -__.._ -_lu S~ -. b . ]
’ o ™, o P N
) .-.-.- ” .1._....-.-..- .-‘.-.-1 .-.._r.-_ .--1 -Ll-
+* .IL..I-._. —ea ..._- -4 ._..__. -.-___ l“\\”
: o N SN S
-.-. - nc ...J_-...- - .-.-.__-. ]
L F) .-\.I e - .-_.-
- .l . - - - .-.1
RS - o g
. -_- q.- = q--
- I.l . ol ) .lfl -1 e
" .-_-.... ___-. ' m-ﬁ.ﬂq
! “l
L L -
o .._... -
. hall
_-..-.-.._.I..-..l..lullll ||1.l
o . .-..l.._ ="
.................. S L
1 -. - - d

.06 1Ud
UoileAa| 3

-_.-.-.-llll.-...l.-.-. .I.l.'..-..-.ll.l|_1l.ll,l
Fl . ™ -
- o= .____ ._" . T
- -1 L] ._" .-.h - P =
.l._...l... % ¥ % - .4 } T
- \ R ;o
..-..i___” et ¥ ] y o e, 4
- L] l.rI“.. ! “' , - .....I-
- J.. L r ! ; " ! ~ .
_......r AR ", | . 3 ; T
] - el e oA ! ...-__-_
. 0 PR s : Fe -~ J
cer e A e , AR
. __.-_ [] - n ._' l-__-_ -
h - - " » b r ! Ex ;
L] ¥ -.‘

I--- .r
-.-l\.-.\_-.-r.r.-_ ___-.“.
4 . el
. ’ " . ™ .”.
r N N
‘__.1 -._-._-_.- - .-.-_-- .1-_\1 -__-..- HW-
~ )
i S, 7 N
‘1 , - 1 11-”__ k.
-1 l-il. - . i ll
h.h ' l‘-l.l. .-_ ol l‘l l- T
“.- h‘- .-1.1 - -._-..l. ..1“ ___- 'F
| L] r [
1" .“ “n ' L l—.
l-! -.l.l.... _- -h. ﬁ-- -l- l... .
. ’ i R . L
J M e _..._”. s " e - M
" 1 » ....I.,.r " X
.-.-.. ..-. - Ta jﬂ A o o 1” r- "
; ; ; A - ' , ;
\ ’ 1 L e
.- ] 1 . "X .- ...
A, ._.hni ¥ ¥ X, . | __._... R
i -.- u" I-..r.l..ﬁ_-. ¢ |..-.'.rlr.ll 1 .
k L 4 » -."..I L] .-_. .-
. ¥ r a . ] * »
L ] L] ] L} ‘n a 1
". “ [ ! "_ r . .
[] [ " q” M ” “. ._-_.
ﬂm .--. - v .'.--. - v .--. - v .'I-. - v ﬁ“ -“ ﬁn -L
1 1 1 .q- ' : ._l..l.l.l.l.l._l..l.l.l.l.l.l“.l.l.l.l.l._ﬁ
1 ] ¥ ] .”- 1 1 J L L 1 -....
S P et Lol SN 1 .“.::w;. g S
2 T i . - A Ll > .. -t ...- e .- . . .
: ; : [P L] T e e A T T Pyl h : : :
A o P _-.-l r. - -._m_ . . T . _-.I.r o ¥ LA T L LT i) a L -~ - - d ! » .
..- - .".‘ - 2 'm™ l.-rl.-. .-' ”H “ l- - -~ l” l".“h - - li I- F h.- ._n-. '-. lr 'F... .l'li .nllr.i - If.! -.I- L II-J Ih Ly _“ o -.1 - - in L- -n-
T & B . A T R TN . d T N
. _”. P LN I 3 ._.-_...__. - s ._l-_..._ - r_-..- h. ~E . ~ L *] . u. h Frte -
“ . * L B " L __.d___ ..v.ﬂrr.r Lo .-__... ¢ P ___.m. - ________ T v . “_-.... My -.L.....u..._._-__ ..r . ' .v- x
Y P W g AR R RS AR, N S S
! . P e " . l-.-_r . A - -4 Jd r ] .-._. “ . L, y ¥ iy .
- '_. -~ - ".-.. r- .u_.r. .... l.-...I - v.! - K l\\\ -.i-_-..l -.I- -. » --.I...IH . 1 u_.u.. .Hu.. L. - .u.” - -.l........ i- ‘-‘- q.h
’ - o, T " N . S . L P i : . .
..... - Ll -* " " . llr. A “ .-..-_...__..._u_vv L ! .- r ._ri..-_ I M W‘MI“-. .-r.. A R .r.u... ._.-_\-_ r_-_1-_.._- -il - .4 ’
b LN " A L NN A LI, < ~ s . - 1 LY ~ .-\.-“F' % !H. ' r LA I L J
) Y b .-I“.. L . -~ Hvr-. - _-_-\r.__l -_. ....- " " ".._. =" . xru. A . .l... oy oK ‘__. ro, 7
b ! e b 4 ..n” s e, ke et e 4 .
-.- + .I.-.l L] q.- .._.___ k ._..- L] r .__-.- .l1-._-. e I.ﬂl.ll __- __. " .____. Tl \-1.1- -.. -._lt.-. ‘-. ..l._
- - L] . . i T ¥ ' r u . ] “u .
A ] O N S e
" -_-..__. J.__-.- L I._...-_ L k. 1.1-- ll- . - . 1 ..- __..u.- . ) . F __...- l.-.! "t -1.
] L r = L . 1 | - L] ! - am
. l.Il. . .._- _f'-___ r -.-.r I.lhﬁ ___-...-_ . .-.- L. .._..-l..l .-' — - _l". lr o ..- Hu.. -1 a, . .._. - -_Jl d
.-..1 *a o L " -._-.“.-_ £ -” By R LHT_M".._.I .-. ..-l. 1_-..-.| ._-_.-. ..._”. 1-- “u 11- ln.1 -..-_.l.-
L [ F - L) L] ! !
. - " L . e : k Y e L b -\\"It.— . Y
.- . "ll’l = ” .__r-.... .-h_- l-. L] ll.......l_-.l._. h-. .-.-. - - I.I..J - l.-..ll.-.\l L . .l.- .1\.-- .
. - g . BT T s e - r L. : -
......___....__.... _._______ r - ” __.-__... -._,.. ] ; : h..... L L3 _ _._._.... -_. . .-_.”__.._..._. ...__.-___. K
. [ . e L _-r..-.- 1 L .1 .Illl - " .l....- .- u... .
" Frl.— .-.. . .-_-.-. .-l .-._.l__-. - J -_" .,.1..“_-_.| " vmv. - .-q-
' - - . L] .rl..l.-.-..l.. - . - .....|1I.| ..-. .'-. ....”. -l.-
o A N ST et M E A S
- . - L . * | 1 . l T .“H . [y . -
v T, ‘_._._..J._ .~ ..___. .__ .....h...__- - e r ........_.. - _.n..._ Hm
~_ .-..._L. d i P - N e ____. - .l._ i}
*x . ‘l- | - . -.I._....L...ll..-_.r I.-...h.l..m....-..-.il._lm..l ”_. .!”u_.”.l.-. . \.-.-.L
_-.-_..l T -._. u..u_.!wn...l .l”- —-. " .-._. " x 4 . N
Jln.., ._. ..r.l.l_,l_-_ .-.. .- -...I-.rJIE.u.. -_.. ll.-.
. -..fu - -‘ H.v_. m e AL 1 e - ; A ] . I.-l
e L, L T b
] - X AT ERREX ol v -
L [ AN -_ . - - - [

EHQ Mw\wﬁm
LINULTY

ZHIN 06t

suaned uonelpey

0L



U.S. Patent Oct. 30, 2018 Sheet 26 of 48 US 10,116,063 B2

51

490
FIG. 39

470
Frequency {IViHz)}

450

e
ol 3
i ~
o

IO i R i B T e e T e e i T e A e B T B T e e e T T i e e e T T e T e B e S e e B T e e i T B e e e e R T e T T T e T e i e e B T e e S it T e B B e e R R T T T e T T T T S e B T e T e B e A R S
h . =

{iap} uten



OV Sl

{ZHIN) Aduanboiyg
06v 0Ly $3%

US 10,116,063 B2

]
ot o ot et o e e et T w  wt w t  wt ww w wt w w  wt w w t wt w wt w wt w w  wt w  t wt w w w wt w t w wt w t w wt w w w wt  wt w wt w rt w w w t w wt w wt w wt  wt w w  rt wwt w wt w wt  wt w w  wt w wt  wt ww w wt w w  wt w w t wt w w w wt w  w wt w wt w w w wt w wt w wt w t w wt w w w wt  t w wt w rt w wt w t w wt w wt w wt  t w w  t wwt w® wt w wt  wt w w t wt wwt w wt wwt w wt w w  wt w w ® w w wi

-_-..-_-..-_-..-_-..-_-..-_-..-_-..-_-...-'-..-_-..-_-._-_-..-_-..-_-..-_-..-_-..-_-
]

Sheet 27 of 48

._.

.
—
—
~ y .

]
T e g e e e e e e e e e e e e e e e g e e e e e e e e e e o e e e e e o

U.S. Patent

9

st

05

e ™
LMy 1y
{dap} yipim wiesy

W0
o

3

09

9



US 10,116,063 B2

Sheet 28 of 48

Oct. 30, 2018

U.S. Patent

Iy "Old

{ZHIA) Asuenbaiyg
013y QLY 81%%7

B e )

e et ™ e e e ™ e e e e o e e e e e e e e e e e e e e e e i e e e e e ™ e e e e e e e e ™ e e e e e e e e e e e e ™ e e e e e e mn  m  m m m m m  mm mm mm  m mmt b e e e e e " " ™ " ™ e " ™ e e ™ e e e e e e e ™ e " e e ™ e " e e e e e i e e e o e e e e e mm " e e e e e e e e e e e o e mn e e e e e e e " e e e e e e " e e o e

[
L]

-
ettt ettt et e et et e e e e e e e e et e et e e e e e et e e e e e et e e e et e et e e e et e et e e e e e et e e e e e et e e e et e et e e e et e et e e e et e et e e e e e et e e e et e et e e e et e e e e e e ettt e e e e e e e e e e e e et e e e e e e e e e e et e e e e e et e e e e et e e e e e et e e e e et e e e e et e e e e et e e e e e et e e e e et e e e e et e e e e et e e e e et e e e e et e e e e et e e e e et e e e e et e e e e et e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e

L L B e L D D B I B B e e B D D B B B I B B e D L B D L L D B L L L B e D L B B e e D D D L e e L D L B I -*:...................................'.....'.....'.....'.....'.....'.....'.....'.....'.....'.....'.....'.....'.....'.....'.....'.....'.....'.....'.....'.....'.....'....................................:..

)
2]
{3ap} Yapim wesg

917

[ A

(4

)
=F

e g
S

L0
e

Ly

8Y

Y7



U.S. Patent Oct. 30, 2018 Sheet 29 of 48 US 10,116,063 B2

51

470 430
Frequency {MHz}
FIG. 42

450

---------------------------------------------------------------------------------------------------------------------------------------------

(gp) yoeg 01 JUOI4



US 10,116,063 B2

Sheet 30 of 48

Oct. 30, 2018

U.S. Patent

200

204

206

..
A

— -, I:J:l:#‘l_l -1'.-

T-t'-lwr‘_.-

!
.-
""LLE .
;

-
'
'l..l.-l..l..l.-l..l..l.-l..l..l.-l..l..l.-l..l..l.-l..l.'l.-l..l.'l.-l..l.'l.-l..l..l.-l..l..l.-l..l..l..*‘l..l.'l..l..l.'l.‘l..l.‘l.‘l..l.‘ .l.'l.-l..l..l.-l..l..l.-l..l..l..l..l..l.-l..l..l.-l..l..l.-l..l..l.-l..l..l.-l..l..l.'l..l..l.'l..l.'l.'l.‘l.'l.- b
=

: ]

+

égggggg‘vﬂﬁTﬂ-ﬂﬂﬂﬂﬂl : ;

FIG. 43



U.S. Patent Oct. 30, 2018 Sheet 31 of 48 US 10,116,063 B2

200

204

236

210 -~ IS S ,W*’HE}E a,..,éLESEsME

JGPH m

"J --*.
'] . 4 -
n : L x
L : : 5 x
) »
™ - . ‘J o
" p] a

K o 2 . . .
’ "J --*.
-J --*.

- ; * 1 ..*_ .

W L * :; :

. N ] g " "
.- .J "*.
. 2 )
-J --*.
* »
L3 »
2 »

INSTALL THE OABLE SUB-ASS Emw*
INTCH THE ANTENMNA HOUSING % 1
FROM THE BOTTOM, BY SUDING THE
IPAATL mBLE TC THE BOOM. L
USE CABLE SUIDING TOOL e -=--

FIG. 44



US 10,116,063 B2

Sheet 32 of 48

Oct. 30, 2018

U.S. Patent

O. lﬂ m iﬂiﬁlﬁiﬁiﬁlﬁiﬂiﬂiﬁiﬁh
m w D I N
mwm L,
N,m s

m W saTsTaTaTaTNEES,
0 wovoesnens

¥ Oid

L36

00S

© 005798

o B I e u [ " AL BB A B B R R " Tt it ! L T s T T T T S S T Wt e T i T B T i T S R Rt R Rt " PR T R o T PR A R o WL, N, T it Wt e T R T s T s T S " S " S T pl it « 1 L TR I B I L A AT B2 I
[
x t...._&“.&...rkr#..qn&“&... - "
w il b Rk - i . :
[
[
I.-_I-”II.I t' - .I.l.l "
P ---_.-_-.__-r I.h - l-_-_-.lu..-.._-_
[
- [
e e e Ul ) =, [
e e Ty g A, 1-._.-_-.. [
Ll R e S LN W B Y
o o o aow d d KA X R La ) ]
-+ -
* .-..-__-.-__-_-_-_.-_.-__-__-.-_.-..-_t.-.&.._....f... .q ......._. Pl Y :
[
[
-"-".""..":‘".-""-'-'-"-'-.'-'-'-"-'-'-".-'-"-'-'-"-'-.'-".-'-"-'-'-"-'-.'-'-'-"-'-'-".-'-"-".""..".':‘.-""-'-'-"-
[
[
...-.-.___-I-._-_t i - x
> -llnn. IH-_-I”-_..II-_-I”-I-__-_-_-l e .
.
-
|n||-|-|-|-n-_-__-_._-_-..__..- R I8 "
- | |
e
L
& v oW oL ..III_ .I_II._.I.-. I u

» ._._ R e o O .-.....-..-.-.-..-.......-..-r.-..-_.__.-.-_-_ »

Ili'

R
' ™

N ot et e e
LB I

- i.liliil.' * i-.li“i”i‘l.i -

" Iiiiii

’ : -
LI ) o
[
L i_.-.i_lillll.-_tl.-..-.lli.-i

e e e T e

L]

LB

'l
I
;
l
ra
e
J,
' .
L]

e
. . i
-y . . o e Tt
. . . [ ]
) .-_.-_-.-_.-..-.l.-__-..-_i..._-_.._-_._.__-rn.____-.._._i.__.u.-_._.._-_- . . . P oy et oo ”.......H...q..r... ___”.__
r ._..-_-_..._-_._.__-...__-__-__-__-_-..._-_ - B ...t.......q.......q oy -.--.-._-_.-_. _-.._ ....q.q...._._..__.-._._.-_. - n
R g A b TRy e e T AT 1....-__..-_ X
¥ 2N .r.-_l.-._-_ LA b .
. O -
P LN, T x

---------‘F--------

-

J

0001
0011
00C'1

00t 1
COv'T
0051

0091
COL'T
0081

006’1

00Q°¢

HMSA



US 10,116,063 B2

9% "Dl

S 0 g

ke

W
'y

PN
Ll

L)
¥
N

.".M.ww.m = ,ﬂﬁum”. u.ﬂm.....”w.m.ﬂ
DT e 0 gy

Uil )
l".-'l- *i

*

Sheet 33 of 48

T T T A T T T T T T TR T T T TH T T T DU DO P PO PO T T PO T T PO T T P PO T T P DO O P T DY T TU T T T TH T T T

g [l
II.-.‘:. I wats .

N R R

Oct. 30, 2018

U.S. Patent

.. a
»
. .
»
.
»
.
»
P . a
F
. . a
't
Cmardnt
B
. aw W
N
) -_.._.__ ay
. -
. iy, »
MV R Say .l"‘..w gy .ﬁbh
. s Pl
iy . #
. - a i
o i 1
& - r
™
s
s
m. "
u
- s
- iy
. s
P
- s
e
. -
m 2
. s
s
s
. il
m LI
B R
L . Pl
-
s, . .Tlh
= Pl
T....r” . .
s
.._ m
" b
0
-
o
. -
-~
1} -v-
LA g
T.....r“

uoneUBLIO SuJaned uoneipey

:

[
et

L

W,

-
L]

A3 Y Rl Fu s

W i e

"‘1‘ i*ﬁ
)
-I.‘ -
»
an”

L]

'rbl“.l'*l";.
]

.
F3

-

'r*-b*#‘." .

#-

L
r

e e e,

i e e el il ol il

Frrrrrrr

-l'b-b-b
L
-

»
LIy
»
F
L]

»
i'.i'

F3
"a
L

¥
e

T
b'l'

»

i

L]
¥

L J "‘.‘.Tl..'l.."..fll
" on sl a

B Roir & drogn b o 0 b b A

LAl
s &
p F ]
. H&H...”...t bvnlnhq. “...u.-_.q,
-.-..kkkr-...... Rl N W

'l".l“l"'l"' I‘"l"‘l"'l'.

T

r

LF w8 R ey




US 10,116,063 B2

Sheet 34 of 48

Oct. 30, 2018

U.S. Patent

8v Ol

)

— EEE A oA
.-

- = il L

1
- v - : "
- ¥ " b
e ' o : e
1l|- __-_ lll-.r 1.-1]|II”.II.I.I..-.|II-.,II " .-._-_-_.
.r-_....-_.,“ ..._____.l.-.- = 1 'y K el ..u_._“._ “_-rf-..
AN e ; : ! ;A
L [ - L -l e .r-.r - | ] = R -
-.l“.‘ _-' N "'l - I.- ] -,
. A IIL. l.l.!..l:. .- .-. .-.- Iu..-.l . \H-_ -_ll_ . .
GET o T e . T NN T 4
.IKI\. J.-l.\\l. '"Il L] l.... . “-....I - _1._1“_1 -aaw Ill". .- -.h. - -.I”q ’lfli ___I_-_
< N Y L T, S-S S A ..”;
r " " - " - i . ¢ .r..-..r. . & ) -~ - __.___-_ " - "
.-.111 -_.“-.".-“_ -.-.1.- ...-_- o 11.-....'-... .... o 1.I.1.|.I-"-.....I I ” ) l...-._“"._..l_-. L“-._-....“”-. ...l-._ll_l ¥ ._.-.-_-_ "l"\ ."-.
. - a ..-.. ._wlu.-. A L__.‘ Mgt ._-1 ..-.. _____. ..
; . T r e ¢ "
o [] - r N o L [}
P -..r.-_ l.-I [ L --- . ._.____ - = ..l- -
ST .Y . ; ", TN
s et * . - o " - Y
d B! _..- - l.- . L _-.-.11.-. r 'r.
R A ; WL N
) ¥ Fy ll.u-. P . 1 .____.._.1... * ‘__-. \
LI T -l [] r ot .-_- -....-.-_ e .-. Fl A -
do, S £t < ) : P N AT
, RS J PR - SN il S ! " LT, .,
a l- -l-l = -._t-_.ll- . .'.... ..._l"..l l._.. A “ ' ._..-. ”1 l\‘\ . - L '- “u
s . .... _-_..-l.-... .__- e r r-.._-. -l " .'._. o _" L “ . . rr||"|J1 ” . .
L A N “, SRR TP N AL S S N
-.l_._.ll .”.-l.,llll..-”_-.l J ..-. .-___.ll.-.l e ) e ._-_.l.._.l-.- . “ ) Sy - . \ - I.-.l.“.,....l..-..ll-.___-l I.-..l.l.-
g : \ . A / o aa*="" r .
O G LT : oo LY
. .__ ¥ . i ." -1- o Y -T........ -_..-._...._.. U e U . _" . r u. .
T T T T T T = S e A A N _
ﬂm “- -E B ". | 3N N ] -l.-‘. - E B ..“- - EE ””-. | N ] -.-- - EE ﬁ-. [ ] -.- ... W W W W L .-. e “I-”l.“l.m””“I.“ .“l.”. “l. ..“...- | ] M- | 3N N ”". B -“-. | 3N N “lr- | ] -.“-.- | 3N N -“ Qh N
' . i ' u__ . Wb, b . ¥ . b
v g . . - P T _ ! . : r
...__. ” ..__+ . .“-_.-_ - . :“.._.._.. e ...-..._l.. ; u ..
3 . g |l TR ) ¥
P L o R [ 3 ) ;" ."__1-_ "y
by N ._._ . h__ n. d
L ] r . . +
L L] 1 Lo " "y X - f
1 g Y - ol o r 'y
._“ _-L .lI....___.....J” ’ : “ ”1.-.....1 - _-.-- .l-
J.-' .‘ “ .”H -..T “ “- l.“ .' '.‘ Iﬁ—.
_-.._. - ..'._ .1- .-l -l

-
N e e =

e . ....,..”..u. ._....
,.._"“ . ) o ...._. .-_..__.
; . : .

Sy s A w7 GTE
: S N .....

_n__”ﬁ_.mH _Ln.._
UOI1BA3|3

ZHIN 068

LV Dl

o8t

..l__-lu.l 1.-rl.l.-.ll._“-h|.ll.-..l .-_L-.__-._I"l_-.._.
LA . O P
n ¥
R 4 ) : PRy
.-.Il.r .-. |I||.-.II..1]|.II."I._..-_I,1-._-.I.-.-_..II._.I ‘-. -._l_-_.-.
S e ' » 1 e e
” -__ ...I.-.I.I' 1’ “- .- .i]l-__-_._-. 1.- T e
...._..... _..___.. - .___. ”__.- ._......-.!-......."...-....-i._- o F .-_. i I .._-_. -_-..-.-.
-.-u I.I.II [ .l.l.Il- ¥ I__"lul_.-,_l_l......l .—..1 _l_-_|-. -

l-_- i-- .-- - -._-_J.“. -.-_1_-1 ___. - A . .-_-. l_-.._ l.-l ._-.-L ; u.. .r '-
- 4 . " - i F . k [} .-. . ....- L. » o 1.- R -
s TR ol T S - ey N
4 r l.-. ..-. -_JF. u_. .. 11. ....-_ i s _..- l._.. - ._.‘u 1.. ...“. o ...- _-......r- . _.-' T g .
.___. -. .n_ “u "m A rr. --_-__.. l-_‘...f.r‘.-. ...___.. ._.___ .%...-. i U.__-.\ _-\.._n K by |..__-.___.| ._-_. . lu.'.l.u e ﬂ # _”...
» .-1 Ih -l .L-.f.- “H ll.- - Il. . __1 " . ___l I.l . ”v“ r .l—. » I.-.‘ : ..i -l .- ]
.- . L L] . - ' -l [ ] _u.. T ’ - L |
Fang . d . S A e T : JEERRY. gl ey, * R
..." ". ) .._l..___._ T --f - 2% .- ’ ..L-_"-_.-. T ..u_._u "w .."___. L ‘_-l._._._-._..... - r.”r. ”r..- .”.u.v..” it ” oG r.__” - l.._.. - ._._...l - _" ”
[} -H ”. .-__ A l-_lL-.I - l.,-..-_.r. r .-l.l . - _-__-.-._.... .-_F-I-_.IP_-.Iq -l.-__- I.r -”'.._ - -.J-- . ] - ".I - -. !H! - - I *
1 ] ! ¥ Iy ’ Bl l-- -t N ol ' e 1 - ...I.._.. - * ._. . 1 ." !
. L] -8 L) ' ¥ B gl AT s L y M P K ) i [} .
¥ 'l 'l .. - . [} - L . ]
. . r . r . ¥ . - % x . m n ) -W * . .
-EFEEFEFEREERERSB - EFEFE ’” -EFEQEEEFBR - EFEFEFEFEFEFEREQREEREREEEERESB ﬂ. | I ] - EFEEFEFEFEEEEEEREEERERES -EFEEFEEFEEFEERER)Y E | ] -EFEEFEEFFEERERESR
06 ” Wv ¥ w R AR L oo S S S S Y S 0L
T S A T T WRPY o L e TC a ST e TP SUNE ST L S S
I -2l S W S AT A R AL N
EPETS et L S R FEL R S . A T I e
Loy o e R A, N S T T
n Y F - ™ - . *x ' - ' LI .—.".- . “u i T Yy r
._. -_1..-. ' ll.-_ L LT J 1 BN Looa, . L , .l...-l-__l . o i’
-.q .-. -~ - ._.J- J-_. ._I-_..r-l..-.- -______ .-_.-.‘.‘. ._.il.l -.I-. _- l.-:-.ur.ﬂ .ﬂ ”-....-. l-._- hl.-s..‘.. .-l_- -._l... -_ q.___- ‘1- * oy u_. ‘-.‘- _"
11 - 8 ’ . bt - .mlm - o . .i._ o o ¥
L] .U- -.._l L | L . r... i.\lu. L] ] L i .

[ ]
--I-J-I--I:--I--I--I
[ ]
V-
N
’ . .
-.-q-
-..‘
_..-:
o
"
o
-
u,
i.‘

- ) v o F-..I.-_... . i__-..-. Fy
...-I.I L A L a" !- __.u ] ™ iul. _m .Il -_.. L I_I.-. -.._“__ - , ili\ L LH‘ -.l-.-
'- X u..r. - N - -.-.l” - l-. ¥ | “. -._. . ”t“.l = .r.l__..___ 4 lI
s S ARE TS SR T W WP S

b A, - r_-.l , r gt . _ i - a-r ._. _...._l . -.. . - o
___-. ] A _.._. “.-_l_-_ -_. .-" _-..." ) M -. I.-.-_-” .-.u“ ..v. .1-1.‘.
- A . ' .L._-_lu ’ | ¥ L - ~ A "
.-._.- v“u..____- _-.-.-_._... il oy o o .." ! - ll.-l.l .- - ...... .!u_.u.. .!--
B ..__u.. = J__-I. -_ .._.1 o= .l-.... ol Y .l.-I. - .--!..l.-. l._. I.-.....-l.._. . !-.. "
.. e - s i r n . RS . % .
m.ﬂ b ‘ u..u_.u__u.. -._-_u. ] .L-..__.-l_-_l - h.- ”" .-._. - hl.-”ql...r ..._- . l._...i.-. . m Hm
r_-.._-_ ..rr.u... ._._-.-r__-_ -...___ ._..J_-..-.-I.._.l_-....._._..””"l._. -.I”_.-I.-_ 5 - "rm_r.r.. .-..__..-_.-
IH. . .I.’. . - L .. ..- K - -~ - E A lurI
_-.Ju c . A -..-...__L-...u .” .." " l....lnr.._.iu 3y .v.u_. ) __-_.-_.....
_-._-.... x u....-.h _-_.r.l.rIr.,l 'n g -.. Y .-.1.-.
I._-_L. u...v“.. I..-...-_Il..-l-l.,-llm.rl.- _v.u.. .rl.-.
o RN r - ] A .
il . i DR oy l.-l..__.
_-_J_-__..L... P i Ak X A X ..r.ru.. 3 R

.0 14d
INUAZY

suJalied uolneipey



U.S. Patent

lation Patterns

Rad

Flevation

Oct. 30, 2018

Sheet 35 of 48

-.t-'.._‘:....-*-- : —--x.--r':__i_‘-"-
R : P
.'-' ." .’.__.,__-_-_-i---,____‘.l L "-'l\‘
- [] __.i-"". -l - --‘ _'l “‘ .
. r"'..-‘ " 'l : |: “,'""'4-.,\_ .,l" .
a bl T - b . -
i .'_.r"' ‘..' .'_\_-r' .l.“ - R _-_-w.'-E--n.-_-_ - ‘__'_:_- - g L ..-:' ""1. ﬁ
! .l.‘l.-\- - .,.-ll".I ' - ! ' -:"' ; - *
q 'll" .'1- . --.I".II .“.; 'h_l.--.‘. I:: : I:' ‘:' -ﬁq"‘ i'- I.'.""- .rﬂ' I
"lli "l'.’. -.:._l' - |.‘ e :.'_ R W -:- o ..I..\_:‘. - . -l' "_'-I':IIlI :.:
. T “'l * b - -t F ¥ ) - ""': . - .
'-_: - \‘. _ll"' r i I' [ ] 'I' . 'l - -, [ * - at
) AT .... ] :I : . T ‘\"’: s - "'"-‘
R - o '
‘-q-."'ﬂ ll_‘. “'l..
Y L,
w ..‘_‘. - -.': L
AN !
Pl T LY
| NS At e T
L3 ' “ I.‘.-ll ""."h. “ X
.l' “‘ 1‘- o ".'-l ‘l. -|Il
:. ¥ 5. - "y ) 5 .
: oy i" - .h_ llI- I'. 1
- v F  JF Tihtg. @ T V" Ta a oat e RS N et LY g it T K a e
3 Aak YRR SR AVLC, L
1 K : ' . L L 1 r
o ... : . '. L -:.\._‘ .. x "‘1-1[- . .‘1-;“ . |'|__ — ._l--‘ 1] : '_I N
.: - » : " "| H e l_.l:l_‘ L] -ln'l."l -_."1‘._ L] : 1. N :
L. - ', r v ¥ ‘--\':" it ™ - ':" "o - * ' "
: - :..- L- ) A ¥ 'I: . 4 I-L- ., 'ﬁ“ .'-:.. .-r 1I ' = 1N * II- L] r 1
. E'-: 1 . » 1. s * . s ...‘..:-l' n ; .‘u-" . a_m . h ;' " i [ ] ' 1
- o ' ¥ . 1 L s L L - ) 1‘-‘1‘ -__ BTy . - . 4 ¥ ]
dp. ¥ l-h‘ q:. -Lh v 1 .ﬁ‘w ;_:b _-_-ﬁ i .-:"‘::%‘:’1 "o "::!. . ".',- * pE N . : . ! : .
o B . - : o ey “a, T " el Rtk v ! -
‘L\- ................ . ." 1 " |l .\-._- -k
.... . - . h I: 'r . :l-
‘_I I:I"'"'iu_ ; F, l' r
I_ [] 1 - I-I' .l'
] ". . |l' e *"I'-.‘ - l' ll
. ‘l" r "-'II'_- ;
'.' “- - i'lr 'Il-' - "\-.'

r- o

: ] . t“ I';‘; "i" :'
.‘ ' o~ ‘\‘ ..F ‘1“:1'- '.! - “i' :'
: ) 'l'.‘l'.-\- .‘l -..':.'. ." "I_ _'-‘ i .-"' :"ll'
- [ L] -~ -|‘ it T, e
[ 1, ‘_l .‘I . ’lin‘ - i
R N N
. =T ® .. “ -' L = i'
lr:wl!l-""""l: gt lI' -\.'- - b
™, A : . Voo T
L - . -u . . L ] -
e "l': --'-'1 * -_l.,-r-‘. l'i “-\J'.'. ‘:‘h ""‘
4

- 1 l'I T g mbma s -~ o
r . LI - 1 ) - ] l‘ o
IR A e R S P
" - - [} ] -
~ i R LS SRR 2 Ll iy T
iy T & e ; YT T [
b T "-'h._-‘- 1 ) II|- -.,l‘“" R
B ] -_. [ ] -._l""' 1_-'
"1.__ “‘ " - -l,._:: . —— - -:- .-..'_‘__ - ..I‘\-l'_- 1.. - _--
. "m .I' ] .‘- --:_ " T
e - r ¥ Fy - -
-J-‘— e A oa -_:. e b =t
o
e,
L)
un)
. -.
Bl T S R
" -._l.'--'.-I - b ‘.L‘"'.“'\- ey
- -.ir. :' : :. e “u e
o ] . . FoT
_1-' n "-_'..'h.- -'-:-'-! LI I T l‘ "“
- n . " ~ '- ‘- i

] * ) LI .I'. r L N - L S L r 1 ’
Yo 1:. :I- I; - TN -"1 ‘.--'. -"""- ‘ ." d :'-:- : 1: “' 11‘ ‘ !.‘:""1. i’: :“ “u ]-I: _': ': :I.
:l l" ..,r .."- - -"l L q.'; oy .““F i'" . : - J I: : | I' L - :"‘ :: o -'l.. .. l:---- '.'.i: i: :.
T T L YN ; A S
.l' - " :" ‘l l-\'-'- .l". r I|I'||. i‘- I.."I- ':' : " : : -;:v?‘! P, -.." .I'. F' ) -:‘I i.- “"_ : l" l. -""'1_;'
‘I " 1I ‘l "I"'—: “I - "'l- " "F ‘- .’!' : [ ] ‘: il" l‘ !P H'Ill M 'll ‘I"I i' ""l - |l .-I. 'l
. . .Fl' k .ll. ? “l o L1 iy - " ! - -:.-'-."l'.-.'-"'. b = il :.' r l‘ ': L ]
‘l‘ % LN '_.r L, . ‘.\‘ ) ’ : i ": . ';H';"' ."a Lo F o) . S R
N T S U I S S S NS T
R R Ay SR TOW: S R S N
r : . -..“ e . . . - -y i -I... I"‘. - ‘-..'1 "I': " ‘-l'
'\‘ L o _-"f b :-'_ . u.:.- T “':l * : X . 'rtl-__-'-q' o .‘..‘.‘ g “u '-' .'I
g 'H'ng‘: L . ',', - ““' -." 'p"h - - .':.- : :- - '..I “‘ "I'. l-.r ‘\‘: .
A o . - v, ' R
"'-r." F’r = """t‘ dOT e - 'y .';-”H * . ” * ‘,_r' " r .;"-
'1-: o T g . .‘:‘ = -’? e e T, ‘:._-" \:\-' _-"
_.1 . e » y -“1’ .r } ') "- l. i - F" |. ] -I '.
L '-._-_'- "'1.* ’r”' P M ’”H : : -:".*—.-- 1‘. .q_-',' .I':,"il- )
H I|Illl\l'."'-- ::.-“‘ -.'. "l:""‘i--l:l-'-‘*i" ":‘-\-.-. :" __'-'-q-': Tl ﬁ
- ““ .'- ‘h- . I:‘ : : .. :..‘.'-\..... “l_ '.l‘ b
..“- :l‘ ‘-_#--\'" : . 1 -..._‘. - “ .-:..""
n . r""--l-l---.--i--'-“'f_l . -
e ; : H e
LT -t k "'.q__.. -

US 10,116,063 B2

180

FIG. 50

180

FIG. 49



¢S Dl4 15 "Did

US 10,116,063 B2

I 08t

P L T .
R - ."_..1.. ..H uli-_.“. i I AT Il...-._..l. L ) _.“..__.u_.. .
l...r.-rl . . “... " b Jl-.r__-. ) 1l.l.l.| 1 " ’ - .
-4 Y e * r Mk - 1 i T ! FE
ol ._.i . PR l.ll.ll.-_ll.-....lll..r.l.lu}_-_ll l_-.l_,l _.-.- l.-_ - L) l.-.l-.;.l..-_ T .-lil.r._-..._..lul.__ll..l.._ ..-.- _-_.-...-
T T i Rl e, %, T v ALY -
-~ ’ . ! i "t .____.-_ *u - L] ot by > ! < e, ‘n
o ) -.l I..-.lI l-. h..l!.-l.l..-..n...l”.-_..-..ll.l,lhn-.l -‘ C e r ...-.-_ ” _l' l.I..-l i_. I.-i__-.-....l I..-_..-_“I...-_..-_.._. .r!..._-..-. -l l.__-..l l‘l
-II-“.-_ _.-.1 s - -_ “... o T . S ! “:_...-. F-u..__ ll"\ 1.-..-.“ -.Il Tt .-__ . -.:_ - .-l.,r.nl..l qr.-_n.
Pt D A e e TN B A
SEL . R i i ’ L .. . GEY G S S A . ’ i A
li . I-..‘I .-J .\.l __. 4 - . l.-r - " l- . ll b - Il ) ) ) - I—. b -= l-l .- ih l-. _-.I_HHI
L\\\ q.... -_-.... -:.. - "1 I”,.n._._. . ..-. it |..l.r_-_..:_ : ! ”.-._-_l - .-q-.-____ " .-.-- a .,.__ .l.l.-l-_. T - e " T et - _-_r.‘.- ] -_.-._-_

f"
"
""f
.
N
ll‘-.
)
-y
‘I?!
& -
Y
"}
)
-
L
-
"‘F'l
I
B

H
... . . - ' u.-.-...-l [ _-.I d
» r . r - r - » - .
8 .h -___._ -.__.\I\\\‘ - : .___”..._. ...._ s __._._' ¥ o . e i a!
l_- * _.-.-_ ._____ = r 'l"t .1' _...I L . ..ﬂ.u.. .H."-..l.... ) “u
L - 1 M . i L . X _-._l-. o .'-..._ j -I._ .-r . - » i = .
u o .“ 4 o ‘V.. i - ...".\. A Y W -...“\.
.I- .ll - .t Hl.-! .-.-_J._.-.-_ - A -."... ' ‘ . * .r..-.l.-. .._.-_ ..lr __I.- H!Hl_r P : *a N
] d _ L . el r o . il . .__.-
f ‘1 ‘1 .-_- lI.u ....._.. .-.Nl.- a “... -\\ll.-___ .J.. .I.-.... * .._.- -.- - H" . -.ii u_”! . .-.!H X u..u_ .~ .'-_
I L] - - Vv - Y - a + [ - [ L Y
-l- .___l Y -.—_ -l .-.I-.l_u- . . -.I_“. “... .i.tl.nl .JF—_ ...I.I _-.-_- ...-. .r. -, -~ ..l. .-I -i‘-.-_l.-_ l\\\ __-__l._ u.r.v __-.
- N N i A S T Y T S N
-h .-_ llill - , qu -l.-.I. LI‘ .-” ....- .r-..-.- ; ﬂ. -_. - .I...-__I.I .- .w- -_l_l.__-. . .-.-.. .-_-..__..-. .-.___- u..v
R S SO : A LT TN e Y
6 P N J ¢ e ST P " a i (A L ' 4 . N S AL - )
e 'y ’ . y “u . “p 11,.___hr . * . LAY M n\\. . T, L. H %
i H T ._..u.ul - -___ y £o00 A - " .— ; - .1..__"1 " ."_ . e’ ...__..____.____ |___-1,.r| ¥
'y _.u . ...._.__._....u_.. - J“._. 'y ¥ i [ “r -m ..|_..1.|| . v d .____.-.......- - - s
! . Sl o L] o ) i 1 . - ) e
-— ' ‘ 4 Iy "_._._._.Jn..i .,...-.-..._"_ ” ¥ ” L ¢ ] . o o mate T
— ' : ;o i ; 2 LAY - : vk . ‘. . | . N a o e e
. L ¥ - [ ] ' ) - ) - i. b q - . - D e - ] | - o y L) - PR L L] _- =y
e Gm .".I.l.I.I".l.l.I.I.".I.l.I.I"...l.I.I.I..".I.l.I.I“l.I.I.l.l-.I.I ...“.._-.“_.._-. .l .I.l.I.Iull.I.I.I.."..l.l.l.lw.l.l.l.l.".l.l.l.l.“.l.l.ll". Gh—ﬁl ﬁU-—h—. * - .I. g, %”ll".lll.l .I.I.I.I.l.l.l.l...l".l "
oy O A SRS Py s AR A SR
e 1 * i ..-_.._. " r : . » -._-._-_ R T N .".I...r I '
x . 1 " -t ' 1 ..- ." ol ..._.-.__..-. '™ J g " !l.-
SR YR T St s P AT T
. . ot { 1 i - ’ s Tyt " J.- - Ny ¥ *
TRy / R ) N e el F T
i . . ... : : : ; o5 \\._.u .o
S . v, el g i ’ & o e AT
_.._____ L v, .Y - ey .t 'y A ' _...-..._..- A ﬂ...-._ .-_...._u .
4 LN £ d ¢ e N Tt
r - - .-l _-. ll ’ - ll “1 -~ ., .___.-. B l._,-..l‘l.l.-_ -..'_-_ i !1
oWy T W, & 7 L R
_-r .-.-. 1-_..‘. '.“ “. ” 1..-“]- = ...‘l -.__l .I-__- -_.-_ - * -._-_ .-.. ____-.-..I
' . ' b N " r r Cal . -
\ T g 8 A L NG
oo N ’ . 2T e N
! N, P . 7 VLA ’ .
.-_ ..-.I.- . ” ._-.“ T ' -..1 .I-.l-..l e~ __.-. _ N ., .
r L] = |III l.“-““ \\.\FII t“ ‘.l...l J- .l-.- ‘l\ ."lllu .
] » ™ " ) ] a1 L
ol .-..-_ = d . L] -
_-.-__.-_ L -._.-.-.1- . e e . - .-.,‘i_.ul . “ . . .ﬂ . II._.-....- M ."...- - 1.._...._..-.
-. --- ..... .!H.- -... . l-. . ._."“1I_I.I|l.l...."...-.l.-l_ .-.l_l.l.r.l .-__. .l-..-.
5P s " GTE Gi S e, At : AN T S A
L | . l.- u_.u.._-.ll " 1 = L l.-.

1

X L) ”...”
_..Ju.u ] oy g In_-.._.lulihl 1.1$. . . l...u- ] J
..-._.__ X - Py i " . L _..-.ll ] i

. .I-. b A P ._...-__-.l .~ 2 "z _" . ....l....l__.. - L ."I.r

Il-_ . r.!... ..-_ : -_..l_-...__u.-. “n . _1.-_..__.1I - . A E*
j.- . ’.” . i LN ] .ll...‘l.lll-..‘lll.. . “ - . . k . “ .
" v . 1 . ! A e
ll__-.l._-.. F.H . A . ..H.r.v .I.-l.-.
- el . . - L o T | P A A -
....... Ty ey o ] . = A A LA AR 2 T e

| -
- . Ea T
.ll.;lllf#lll.l.il.%.llq

nom :.\_n_ n..@ _:(mnm
UONeADT LNy

Oct. 30, 2018

sUuloljed UOLelpEY

U.S. Patent

e
|

i PR IR I

[ ]
)
ﬂu.I" -t -
1
b
L]
L ]
L]

h.l.""."

[ ]
[ ]
]
. ]
e
]
[ ]
[ ]
LI I S R
[ ]
[ ]
; ]
'*‘- - "'l-"\-"-':"-'\-r‘-l-' - ."1

]
[ ]
[ ]

&

Faw

' 3

r
!

-t

-i-- -



US 10,116,063 B2

Sheet 37 of 48

Oct. 30, 2018

U.S. Patent

€S Ol

{ZHIN} Aduanbaid

..ii.ii.iiiii

Y

e a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a aT a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a w a w w a

< gyl e e ey e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e i e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e i e e i e e e e e e e e e e i e e i e e e e e i e e i e e e e i e e e e i e e i e e e e i e e i e e i e e i e e e e il e e i e e i e e i e e i e e i e e i e e i e e i e e i e e e e e e e i e e i e e i e e e e e e e e e e e e e e e i e e e e e i e e e e e i e e e e e e e e i e e i e e e e e e e e e e e e e e e e e

ok o & & & R & R R R A R A AR R R
+

"
EEE E EEEERETRE

i.iiii.iii."

"
. N L x e n x xR ' VW V]

T e o e o e R K K K K e R R N N R N N R e e R EEEE T e o o

- ERRER : EERERRERNN
EEEREERERD} o ST EEREEEEETR - mtatt
. R R R R R D ) -
FEEEEERERN . EREEREEERR P |
L - ERRERRERERERRER

rreererer R
ERRERRERERRER
—t
R, ERERERERERRERERRE]
ERERERERERRERRTFE :

W d e e oale de e e e e e e e s e e e e e g e e s e e e e e e e e e e e e e e s e e e e e e e e e e e e e e e e e e e e s e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e

00

O1

Q o o O ©
W0 L <t o N
{1gp} uien

-
I~

08



US 10,116,063 B2

Sheet 38 of 48

Oct. 30, 2018

U.S. Patent

7S Ol

{ZH) Adusnbaiy

L) k ¥ L]
J.................................................................................:..........................................................................................................................:.........L.......................................................................

_1.._1...1.._1rirlriririririrlriririr1r1r|r|r1rlr1r1r|r1r1rlr|r1rlr1r1r|r1rirlririririririririrlriririririrlririririririr1r1rlr1r1r|r|r1r|r1r1r|r1r1r|r|r1rlr1r1r|r1r1r|r|r1rlr1r1r|r1r1r|r|r1r|r1r1r|r1r1rlr|r1.._1.._1.._1.._1.._1.._1.._1.._1.._1.._1.._1.._1...1..1..1.._1..1..1..1..1..1..1.._1.._1.._1.._1..1.._1..1..1..1.._1.._1.._1.._1..1.._1..1..1..1.._1.._1.._1.._1..1.._1..1..1..1.._1.._1.._1.._1..1.._1..1..1..1.._1.._1.._1.._1..1.._1..1..1..1.._1.._1.._1.._1..1.._1..1..1..1.._1.._1.._1.._1..1.._1..1..1..1.._1.._1.._1.._1.._1r1r1r1r1r1r1r|r|r1r|r1r1r|r1r1r|r|r1r|r1r1r|r1r1r|r|r1r|r1r1r|r1r1r|r|r1r|r1r1r|r1r1r|r|r1r|,1r1r|r1r1r|r|r1r|r1r1r|r1r1r|r|r1r|r1r1r|r1r1r|r|r1r|r1r1r|r1r1r|r|r1r|r1r1r|r1r1r|r|r1r|r1r1.._1.._1.._1.._1"_1..__.
[ ]
| |
| ]
[ ]
| ]
| |
[ ]
| |
| ]
[ ]
r
| |
[ ]

ol o ok e ok o o o o ok e o e e ok o o o ok e o o ok e o e o ok o o o e o e o o o o o o e o o e o e o e o o ok e o o e o e e o o ok e o o o e o o e o o ok e o o e o e e o o o e o o o e o e e o o ok e o o o e o e e o o ok i e o o o e o e o o o e o o o o e o e o ok e o o o o o ke
| ]
[ ]
| ]
| |
[ ]
| |
| ]
[ ]
| ]
| |
[ ]
| |
| ]

l.i-l.l.i.l-l.i-l.l-i.lul.i-l.lui.lul.i.l.l-i.l-l.i-l.l.i.l-l.i-l.l-i.lul.i-l.lui.lul.i.l.lui.l-l.i-l.l.i.l-l.i-l.l-i.lul.i-l.lui.lul.i.l.lui.l-l.i-l.lui.l-l.i-l.l.i.l.l.i-l.lui.lul.i-l.lui.l-l.i.l.lui.l-l.i-l.l.i.l-l.i-l.lui.lul.i-l.lui.l-l.i.l.lui.l-l.i-l.lui.l-l.i-l.lui.l.l.i-l.lui.l-l.i.l.lui.l-l.i-l.lui.l-l.i-l.lui.l.l.i-l.lui.l-l.i-l.lui.l-l.i.l.lui.l-l.i-l.lui.l-l.i-l.lui.l.l.i-l.lui.l-l.i.l.lui.l-l.i-l.lui.l-l.i-l.lui.l.l.i-l.lui.l-l.i.l.lui.l-l.i-l.lui.l-l.i-l.lui.l.l.i-l.lui.l-l.i-l.lui.l-l.i.l.lui.l-l.i-l.lui.l-l.i-l.lui.l.l.i-l.lui.l-l.i.l.lui.l-l.i-l.lui.lv.1
| |
[ ]
| |
| ]

[ ]
r
| |
I . . - [ ]
. ".IIIIIII " . - e . .
R E R ERER R e ]
LF EENEETR - - [ ]
= . EERRERER
..annnn._.anlanalnannaaaaa o EEFEFREEFEREEFEFREER - e m e ome et - "
= e ™ ™ = e ™ ™ = = = ™ ™ = ™ ™ ' = ™ ™ ™ = ™ ™ ' = = e ' ™ = e ™ ™ = = e ' ™ = e ™ ™ = A sl ssAR R EARRR AR E A R EE R R E R R R e R E R E R a2 2 2 2 7 e e e
: Eht ._....-_H-------- e e e e s mtatatatt . . | |
L P
...... ELAREREFFFEEEFEEEFEFFFRNERENF ..“.wr.ﬂﬂlﬂﬂﬂﬂﬂlﬂﬂﬂﬂﬂlﬂ
| ]
| |
[ ]
| |
| ]
[ ]
| ]
| |
[ ]
| |
e e e e e e e e e e M m_ E m_ m_ M M M M M MmN M M MmN M m_ M M A M M M M MmN M M R A E_ M MM E_ mm_ M M M M M M M M M MmN M M MmN M e E_ MM M E_ M M M M MmN M R MmN M M M M E_ m_ M M M M M M M MmN M MmN M E_ Em_ M MM M M MmN M A M M M M MmN M M M M M Em_ MMM M M M M MmN M E E M M M M E_ E A MM M e e e m .-

o @ o © %
N " A -3 N

0t

Ov

0%

09

0L

08

06

00T

(sasidap) yipipn wesg



U.S. Patent Oct. 30, 2018 Sheet 39 of 48 US 10,116,063 B2

<
SV
Frequency (MHz)

FIG. 55

L& & & & & & & .ilill iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

D L < g N o~

{sa04d3p) YIpim wesg



US 10,116,063 B2

Sheet 40 of 48

Oct. 30, 2018

U.S. Patent

9S 'Ol

{zHiN) Aduanbauy

o o @ o )
S - A o)X &

[ ] [
¥ L] ' r
KREEERENEREERERERENERERERRERERERENENENERERRERRERERERENREERERRERRERRERERE RN R E R R REREE R R EFE R F NN ERERERERENENREERERREREENERENEN R E R R E R R R R R EE R E N EERRENERERNERENREERERRERNEERENENERNEE R R EEE R R R E R R EF NN EREERERENENREERERERREERENENEN R E R R ERE R R R E R R F N EE R R E R RN R R F R RN R E R R F R E R R R E R R F R R E R RN E R R EEFE N E R R FE R R R R E R R F R R R R EE RN R R E R E N E R R F R E R R R E R R R R R R R EFE RN R R F E R R R E R R E R R R R R e e e e 2N O O.
L)
e e o g e g e g g g g e e e e e e gy g g g g g e g e g My ey ey g ey g gl
"]
R R R N E R R R R R R E R R E R R R R R R R R R E R R R R R R R R R R R R R R R R R E R R R E R R R R E R R R R R R R R R R D K] .
.
YT YR F R F AR E R R F E F R FE FErErF  Er  Er R R EF  E F  Er  Er EF EF  E F E F I Er  E Y Er  EF E r Iy  r Y Y  E e rrEr E r rE r rr Iy r r r rr r rr r  r Iy  rrrrrrrr rrr o r:rxrr:rxrrrrrxr A r r r:rirrr:rxryroxrrrxrrrrrr ' r:’rr:rrrxrrrrrrrr - rrrrrrr:rxr:axrrr:rr:ryrrrrxrrrxrrrrrr:’rr:Ax r:rrrxrrrrAaYrrr:rrrrrrrr;rxr:xr r:arrxrrrrrrrrrxry :rrrrrr r:’ r:rrrxrrrr A rr rr:’ rrrrrrr:rxrrr:rrrrrrrrrrrrrrr r:rr:rrrrrrrrrrrrr rrrrrrrrrrrrrEriarTr E
R My E_E E
| .
e
. E_E . H
K_IK
I
R
E K
=
- EE ..
R = = XK . # "
g Q.
E
. " .
]
K Th . . . 3
e e e e e e T e e e e e e e e A e e e e e e e e A e e e e e A e e e e e e e e A e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e L E e e e e e e e e e e e e T e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e T e e - D R
= N i
Lo 4 .
g EE = -
I . E_IE
" E K EE .
E_r - - |
. E R . EEERE
I FERE K
B E_E - . FE R H
] E_R
E K E K
] P
| ] . - E R
4 K_IK
: | ] I
llll . " llllll.
I E_EF !
] K E R
| ] - . I
] n_K
-ﬂllllllllﬂlllllllllllﬂllllllllﬂllﬂllllllllﬂlllllllllllﬂlllllllllllﬂllll l-
L
FF FFFFFFFFrFFFrFFFrFrFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFEFFrFEFEFPF -1
L
O O B T O T O T O S O O T O T T O T O T O S T T O O O O T T O B O O O O T O S O E O Rl T Rl S U U U A D S U S U Rl S Ul S Ul U Dy Ul U Rl U U U UL Ul L S S U Sl U Ul Uyl Ol U D S DL U U Rl U U U UL Sl L S R S O R A



US 10,116,063 B2

Sheet 41 of 48

Oct. 30, 2018

U.S. Patent

Q H “Mg _\1— L A st
G U o

8 UL osoonsons
0 U ) i
G HU LY wovvenee
{r JH () ewoomeonen
€ MUY wsosses
{ U} aceecns

1 Hun

LS 9l

{ZHWN) Asuanbaiy

Dbt e o e e e e e e e e e e el

. .
- ¥
*
I
.-.-__-. .”.-
e o
- -
| J
A g
.-..-_.-m Mt
.-_Qﬂu e
r O .
o el .-...—. n

&+

] | ]
-
.
- |
[ Y
.-"
.-.i_.
s
LR
L
L] .-_-..-.-
» *o'n .
S ol m
- L | ]
L) * &
N N NN NN N = B R I
EC N M R 1 »
- F
...”1 ) LN .-_H.._"._ . [}
L) e ¥
» bl N
v -"r-__-_.._ s *
L) L al i T ¥
-k | W |
L ] 4.
o “_-_1.4-...1 o ) | ~ ¥
I R M o A 1
L LY . N [ || M
L | ]
‘s *
» 1
B Lk |
i—. B [ ]
.-.- ..."-._. o *
. .o . . .. - » M
e e e e e e e R bk R A A A A AN e TR NN CR RN AR xR R R R R R R R R R R R L O N S L N L e L L L e
|
¥
1
r [}
¥
¥
- a [ ]
X . om ¥
. 1 u ]
.
. - » » [}
! e )
! ._-_-_. v_-.-_- . “._- - ¥
a "- . . -'. e - . [ ]
o e et r - ¥
RN R N E R R R R R R E R E R A R R A A A A E A E A AN AN~ I'.I-I.I-I I..—_-_Ih.-_u -Il'......_.. LI L, E RN RN RN R R R R R A R E E A R R E R E R E R R E A R E E E R R R A A A E A  E A A R A A F R E A AN
OO L gt R N SR LT | ¥
AR FE s R L . TP L el A - [}
L A R o L AN “gm ¥
- ok . L LY ..-..I-. L LN -k & ] |
¥ - R e - ) A o
L ol e - B )
ol . A ¥
R LN B A ¥
o - e AL [}
- ~ I. »
R 1
- inl | [}
Ll o
- » ¥
L | 1
L)
-__-.- 3] [ ]
- n
Enl 1 ¥
[ |
..i.-_u ] . B
¥ - . ¥
i ]
- ) 1
* [}
.
. -.-_. | ]
- " 1
o [}
W ¥
- ¥
[ r [}
& T e e R L L e e e e e e e e e .
* |}
- B
¥
¥
A [}
E ¥
1 1
[}
e :
- [}
]
| ) ¥
E, A *
] ) ;;F;;F;;F;;F;;F;;F;]l]l]l]l]l]l]l]l]l]l]l]l]l]l]l]l]l]l]l]l]l]l]l]l]l’]l]l]l]l]l]li
»
L ¥
N ul b 1
| | [}
S - EN - ¥
n
. .%-_ " ¥
N - [}
- bk
LA ¥
¥
" r [}
¥
1
[}
[

G Cy X o 4 3 P X &
& $ P Qv & ) v S 0
01

T

i

€1

o

S'1

91

L7

21

6’1

¢

HMSA



65 "Did

087

US 10,116,063 B2

e S N ke .
.=

859 Dl

Q81

- - - . - - - __...-.ull.__-..-l..-. - ._._-I.._..-.I-l.l_-.l.l....u_.-ll
...._..un...- - ."_ “” h__...f ...-..__-... -|4_...|.-. ..__n “ { T Tre
-~ ll'i ] -. ._-. ) ) a - =F - . _- . - l.i!l
. . " 4 1 ] ‘-. "y = Ty i x - .
. " . . L] " - [ 1 _- & i b .
- L m e PR R k. ’ s o ) - ' x .
" ‘ o i T ! ar o h S Al Y I R -
/ " oY et : P I T
N Rty N } : e LY
.__..._-. ._._. - - L) .”_ ! ] R L . ey
F ] ..1.-. L -...-I....tll.l!..-..lu.lil.l.l.-. * ‘- . ‘_- -
y o A L ! el 2 .. “u,
G727 GET L . - " e ”n.. “ ... ! : :.u.. . El . u.....u $77
____.__. L _._____-.._..-l... . . u - _._-_. "__ * r__-_...r... -.-__. " n___._. .
. wr . s Bamw e e e X 2 -y i "a
*u - - -5 b et TF ! - e o 1! AT "
r... ‘ _...._.. ._...__..__. ._..___ . o~ N } . - Ly ) . .._.__. . . . rflf .
. - _____ LI\-.-_. -__ - 1.1| ._-H-_. -._. ._" N .-._-_.-_-_.I Y -l- .__._-___.. - - ‘-_.F.r-
R PN . n ' " . ! } ‘ . i T " N
8 .-L..-_-..__.I _...r._ .-_.__.‘ ....__._.._.-..u ) -ql ..__-. .-.\.._... 1”“-_ -u. . l.-.-..---l..-l.:. - - _T.I it bl I.-.--.I.... - -l- -._rl_l .-L\\“r-_ ‘fll. a .-.__.
L] . r e Py ey P e e N .n..-._- M i______ L l'
.r-.r.. J' o ._" o . -y - i-t-..-_ -..___,l . -.-.-1 -._-.-..1- -____-. .-._..1.\.-. -___ -_1
_.4 -~V . 3 : ; 4 “fo o " " "
....“......1 / -q...nx_._._. ___._. ||...--___..._ _...___m.._.. T ....._...-. T o .. " 1 .__...._.__._. * " ._1.. - ..-...._.___
oy C LT L e LAY e
o N . L] ; . _I.-.u. ] S - -~ -.'
.“-._ . ' -.. ‘Il - __i l—. _- - .-l -_lll._l . .H -1 - - . II l‘.l 1 .lr ,
- e o, g \ VAEES U R e, \
. . ) " * ‘_-+ “ ¥ .__-:.u - t-.. e q.._...-“-. ...-1...- -~ __-r .”.u. .-q
- .. b . . ! " .~ " - b . *
.- o l.l..- -_ daat . 1 * 1-"___ 3 .. - 1 Y o l.‘h.. L]
- . -’ . ! ._n-... - -. " 1.- e 1 a N oY ._. ? - " x F
¥ 1....-.- -.___-._. \ .__ ' ' ¥ & a ¥ n . - i Y __" ¥ .” - __.H-_.-_ .... _._-“. ____.._- -..._. " - I.u__.-_.._-. ___. .w
n _ -~ L Y Ly 1 i r - u__.qrr " ! ._“..1.. - ._._.._. -._.r-_ . v -q. .n } . ;- -_.. "t o N -_....__ ¥ ™ il - L .
. L LY . A J s ! . ; Tt . . 1 U Iy S - w “ e L . . 5
\ . A . . . . . g ’ ”I.. . __.____._ - roabe ¥y P \..\-.h - L L . 1 1
t ‘.___ ‘___ Y e e ‘. ‘. s & ’ et LT S o .. ) oF lr._“ ..-_\\\ Cal o - _."_- - i " i i ;
* .= . e T w Pl 'y Tu'y LT L LRI e et i T T M P ' * * ealem =T e
| ."-..-l. . . L .- - .- [] o, -_1-. P _..-_-__.-- , . " . 1I 1 oA L] 4 - FT 1 ]
e otem = ¥ 1 v ) Pt ® 4 : s U M PO e R oy L . . LN ' i
e S T e T A T e T R A e TP e S . Y T e N S
e " -." ] ' ."_ " -.". .". u.. . " L I o ..._-.._.l.l_” ..l l.-..........-l -_.__-_l-. -..___ .-.....l...“.....-.”i“. -q.- g .1l-.| .I.l.I..-.l "_. -li.ql.—lllﬂi.-..ll .” .ﬂ . '
v T * 1 ¥ L . ' A i LIl R s _-._-.-_-.”...-_...... _.._._-.n WL Kl - R L 5 Ly X 1 » Y *
. . . 1 ¥ ) 3 " 1 T LT O e L R Ly Y e M i ) ] .. .
0G : po . ; : i : _ : ; ; ooV R ; " A : : :
..... DRI S AR S SRS SRR SRR SRR X NI ST RIS SO R ot ). 2/ A MR ST SRR SRR ok W R SR e
T2 A AR U e S T it u.u.,%.... T e R A
' . i 1 r g . L 1 ¥ s L T R e e T i R ! ! ¢ * - 1 ’ .
- " 1 a ) . ' a i MR -l.-..._. CLFLILY .-.__._._1.-.__..._.____... kTR T il * d i 1 " | !
* ! r ¥ 1 » 5 1 oI ____ -t i ..f_-._. |-_..... LY S L O e ) e ) % ) __.. *
] [ [ ] E [T LY r - b
| [ . 1 ] . * - . a ___ P L R =t 1 L . Ll TR A L
.a ¥ ". " ) | S " "___ 1“ " S q..__.-"_._...-r = v -U_.. e : R L3 Iy ; " _.w
. ....-l....r-.-. . ; s .__. “- " llll.l__..-.-l u_. n . ||.|I._. _..1 - .......q.__._.__. ...q u F u. " ._1. o u-..._.-_ ! .._.a....u_-r.#.._ . ol o .Ln_-..__ a » .__.
.- “.-.-._1 L L T “l . l-. - k= - l-l-" - _-r ..:. -. - -.‘."”P ‘“frl‘.l .ll _-.__Il ..LH .‘1 - __" -' ..-.' ..Jl ...i ih, ....r._ll___. -.-.r..i .ll_.l .- -.I ”. = I-.F.l L] - l- ln
._l .l. - e ._.i._. .-I - “ .-l- l- ..-. A ) I..l'll i N =" = .-l\.-. ) ) .-..-I".. .-. ¥ _- ll . ".\I ___-_ .-.-_ .-l‘. " -_-..._- ‘1 " -.Iﬂr.r ._..-. ..ﬂ , . Bl ._-..-
.“-.. 1_ P | h- .l [ ] ..-. ._. ”...i!l - e~ ._l -“l. -\.-. ..l-..“ --. .‘_-- .-lll -- .rul__"l.lnﬂl‘nﬂll.l__ .lll___ ”r -_I_I . l- a T - ”..1 ” |- .-- .--
) _._r-H.. .____.... .__1... h_ ..__. ...___ .__. 1__...__ - T | .”_ ..1_..._.1. _...__.. .~ Vnﬂ ... ..q. _“ “ ___. " .-,.... ....1 . .._f-_-_r ..___.. _-__... i..r_ .__.__ T . -__._-_” h_ ,.__ {
e ; ; 5 .. PC AT - BN T Y S R N 7 A Y O S SR ‘ !
T n ’ |h n ‘' - . . A L N .-.'- oo, - ] el A ! o __._—.- FoE g - 4 LAY " g *
4 - . ' o ___ LN ' L "t ’ ’ i.lﬂ-il%llﬂwNﬂhﬂ ! — _-.._.... ’ _-.-_.... g 1 el F
.—- _-l_-_ " i- l- - I-..- .._.. . 'y .II."- ...- - .1..._._.-.-. .-1 .____.- r " . ] -.- , .-.- . .n__. _-._-_.-. .1- u.. -- .-”. “u_, l-
" Ly l-.-. L4 - ol - ™ .Fr - ._-. + ¥ -__ . .. - .__..- - a ] T .,
8 -.- .-l ﬁ.i‘ -. .- .' h ” r. Hl\ .I.IH ll\‘\ -I'I. - i‘. in --" . '1 I-‘ '”.l .I.-. ’ 1I. ! '.Il_ -' ,.U l‘ ‘- -
- -_-_..-_.1- .u- ; ] LN 1-.- _..._....1.._ " __._..._._ " . ._-_. ._.--__r . } .m." . N o i * .__._l......_-_.-\ 4 B ‘ -___. .
- - ' n . " *a "“u X a T e - . . N P Iy Y
1 R .-__. 2 LY Y L " .r ’ * a' S r ...-__ .-___. h“u_-.n _.._. i____. - .._..._ " *a .n..... b _.-.._.-_.... . ’
N - F i .r . ' " _...__..._ Yo - " - ) 1 ! - . . - - ’ " . '
K _-__-.-.v . T . N X '] b -\.11 qr_.-.L ¥ - ) r x ..I-_....J- - ot x r ._- ' .__n
0 . -.._.._., x _._._' - E . . ] _.H.._..... ” ol . " - 3 ] _"_ 1.__-_. - _...___ _.....-_“ Tt ._.L. .__.-lu - ’
lﬁ1 f.-.ﬁ‘.- IJ. ll.-. .ll __..lfl. ____-_i a ) -I.-. \\‘1 il - . l.l.". - I.I._-r.l.l ﬂvll.l o lu i " r - ' l.ffﬂ ; .n. ’ ' '_-_1 Y .l1
. .l 1- lr r. L . l."f T '{ ‘- II o - o E. lu i- ‘.l.-"‘l .tf'.i - y .- - ‘H.I ll-
‘ E .-..L- .-_- -- ..-__._ . ] b " .-.l...u . ...11 S . r- - “ .. * - - ...___- ..-... r___._ . 1... -_.
. : . " e "
. . e -..__.. o .-.q.__._. r_._-..-_ s P —_ 1 ! L -~ v .-" ..... " . ' .__.L_.
‘___..... _-._..-. .-\__. -..... \\-..-. " i ~ - ! .—» l[”-l...._.. .-_.I.I_-.-..I Imil.l_-i... -. .-qll . 1.! \\\\‘u... -.
. L . _x_r_._..,.. ._--.,._..._._r_. . . } _____. N ..1.... . : .-._ r
1.-. -! .-- ko . - -h -.Il d '- “ . _... - -~ -_. 1.!.1 _____ _-I_I\‘
- " l\\\ - -_ll_ .-.1 ...r-l.l[_.__....-_-_ y ! -_. - ...I.” " ’ 1.. \\\\l\l Oy
3 o 4 S T T N Y A X, g
.~ l ___-.._... L .-.-l._....___..-_ n- M ﬁli!.‘!i&. 1 y - r " ,..1-. K
< 5TE Gp ™ -~ ) Tae, ) ! ! .. ot e N .
) - N R A S S N 1T
N _-._-_l . . _- N e = [ .
- I + e - - ! F - l- X e
t “n ._I..-.u.-_ P T ....,....-.-_..... - ¥ .l....___...._. .._...__....
> S O T S B P O N
= L " ' A -y ’
.-n ' - A AN AEXEEN A u e .._r....._.
- ™ .llh-i . . -r .l F
-..l.l-. l- ¥ Ill.rl.-_l.l.l.l.“.-_.l¢.mll.l..r”.l ...- l.-.l
t

.06 14d
ccﬁmw@_mm

U.S. Patent

ZHIN 05T

.u._“u ME%
YINUIZY

SUJ21384 UOIIeIpEY

()74



19 'Ol 09 'Ol

087 &l

US 10,116,063 B2

- e e

- -

- - .-_.l.r.- | o S
. IIII - - .i .-... T da " - i .
- ] [ ] ] L - F
l.r.l - ] K .- -- T L - - ™ .-_..-_.-.
\.l L] L] .m_ . . - - l... [} JI .
||_...-q _____. ..;.-llﬂ...__...,...-I.-__.lu.n.._."{.il_...._.__...q.._.......-.-l._.u .___.._- .__r-...-“ ._.....-_.. . ...-.-._..._.
...l” —_- - - -.- " --. ., ....L-..r _Il..-. _I.-.-.. * l-_ L Y
o » ., L._-. ll = r o r M
ull . - ulfn 1 L ¥ J . . " _..__._.. -~ .._- - e l - e,
- .l 1.Il ' .-__ * .-... . - - .-.11 ¥ “u - - . -~ !l.r = -. .
..-_I.-. ___.--.I-_..1.Il. .-._.- . lI-rI N _1"_1 LR L e ._-.ﬂll . -1 ._-_,-......ir1 -._.-_l... . _-...\._..- 'J._.I.-.n r . _-.Jl-_‘. -
...... ........_. ) ...-.._ -'n" - u—.. " ¥ T " ."wrl .. -......-_ ....r.__._ _n._-“.. 1.1.-._ .__.- ..._.-. -.r_..- V-..-
GET N ey . : ; S S N SET P e A st
. -.\.-.\h .- .I.-... u- 4 I..-_III-I LI ' [ ] , .-.-_l ! T L_-..‘\ "Fn ’ .... L] ' -~ J_-_u. h_._.. __.”- r
- l...u r ¥ g - - ] S L LT ..- ..-.-.-.-_. ”___._.. . -] ..-_ ) 1_._"_ --.r.. .qql
r __. __- -_- - - L .- L] L L. ..r.-..-. .11 n, -____ ______ o [ '.r-_ .1.-_.- [ ] -._-J. L -.-_ -
- -’ -~ b L] ] [ | - = ", = n LY L] . hﬁﬁ = -.-_
..... ~ ..l.__. 1.. FLLS » » 2 ’ e . ] -.. ..._...-_ . - . . - -._._ HCTR ______.. .__.__....-_
.. ..-... .-.r-_ll ll._. .m_- " . h-- - l...“‘ l“\i\ - o u L\\?}lr .r-.\._. . ___Wf..-.i ___-_-_-. ...1.- r._..

‘h-‘
‘i
"\.‘
.
_.u-"
S
l.
.l
|
A,
1
L]
=
“u I Y
% 4
J
A
x
[ ]
i
[ ]
- -I,||I
T
[ |
'I
r
.
.
n
Fa
-
™,
f'.'
[
e

8 r L r ... - * [ b a - § L] I - r 1 r ' -._-.-._.-. ’ __.___.__-. \\l.- L] .___-....
Fa * . _u-\h _..___ - . A " . . _:.. “w_ .____.-. . ; A v ™ . L_.._.q .._....-___. ..-. ~ .__._._ - ..u\.\\ ._-....: 'y * .
‘ . " N . . : : i . - . \ ” A ~ S ™ " \,
o ___..\ _........-_ ) 5 - Y . IR Pl - ™ o~ . . - U e . P ‘. o
a - d 1- L] .-.- -.._ r [ ] - r r " - LI l-. * - .1! 1.- * - LA - r -.1 “u .1.- .-. ’ L] " * . " -
~ny , _-\__. - - u....__.._. L e b * r -l r o ____.._... K _.-... A o, P Fa ~ - - e T . a " N
s e \ . o . W ' * J AR v - L e _._._._. . . . _...._.__... un..n... . T " o "
f _ . e r ...__..__.-_..._....._ R -._._ K L " ¥ 4 ..”l.. r . L-wl.___._ * Cl " % d ._.__. -.._....- ..._._. e -~ . ...__..__1-'1..1 nl . - N K
-._l d i -._-._-1 .. - ..-.- -_......- i d Y ) "_ - . .h- .-_ ! h l\\\- .-.. 4 . .q- l.._n ) -.-__ ... h.-_. .r_-_u...-- .nl- -.-____ .--- .-.d..-ll\\l.- -_.._ _“H-_.l-._. " L
0 -- .-l- .-.- | -..-._-..-. - -l‘- .1 " _..“.._-.... -_l- _-_.“-.1-. * ...l-.-! " i ”jl ....L-.IlL. ll.- - .-”._ . -.-...._ .r!.il l_-1 _-__ -_-. .- ‘-- -- ™ ..II_ Il L"l“-_ .”.u..__q e . __. .I.-..- o _..-. l- .
r : P ._.“\. ._._.- ___......_.. . _._.__.___..._. = 1 " g z . -.._u_.__.... . 11/1. _-\-..- ___.__._ .._.._-_..._. ._._._ . ' p) P & - -_-_u_ F - o L Py - 3 ...H-.- - _._._u ‘ d___.
Pl .., s . ; rl-... . .__.-_\11._”. S . .__.. . 1 J . xl____-_ E ___-.. ] u.q.u... ...._ 2 . - -.-_‘... & . - ..q. s - " .n_.. - L - -....._ - . -._-_ . " o ot
e R T P § o R O S D A A P Y AP L ( AL s ST N \\. =N e, DR A
u “u v b " . b S " e . . ’ s -7 . " et " 7 ’ L . P ; ' " P . Py . "
L n - - - LIS F ] - [] o . - 1 \ - =, - T L] -
& n__. LR d _._._. S, 4 .-....__u_ . ”__..._ Y » " _.__. . ..-H- K " . - * e Faliat . . ) ! ' =, y - i i~ " i - "_ % "
. ! ] ._._-....-_-_ [} -ll_l - .q__.- . At l- [ b r a s ] "t o - l.I" . “-....._. . '- h . 2 N s *u “I. - s, r L.-.-l-.-_ .’ 1.._..- ¥ -~ e ] e .
I._. ._l L_ 1- - B . . " .‘l _-__-..- - L b . .-_l-_-_-_ L] .___ L} " .- -h. .‘-. .--.-.-. . - -_. ._.-_ - - .-_ .-. . ”_ i.- | ] -l IL-........ - .-.- y e ... -_-.. (] =" .-' __.- 1.rll o .._.- '.- -. _"
| [ ] . -.- .--.-..-. .-- . .... - ..-.. __-' L] ||-1. e . ...I.l .11 i\-\ [ _- o r - . i |} . l. F ..-. ||_Il ., . ..‘ |s.-ﬁ ) ) ; - 1.1-... 7 [} - .
t -.”. - u- li .- ‘- " "- . L. -_ll - : _-_.I_-. -___-. .~ 1‘. . .-. -- .-l-__-_..._..._ L ‘\tl._“._ . - 1‘..-. . ._' - i - . -._. “ -. . - .”_. --. - ' _- .- -. .Hv ll-". ..-.- " - -_.-_1 T ' " b . . ”... : : '-l-__-.-. ) - | -_ LY I_“
R S S e G N N TSN e e T e T L B T N AR SR T T I DS St
e " .-... A = .ri.-_l... .h- L _-..nrl.L-..... ‘-.- _-._-_.- - T 1.” " __..Jr -._. -_ * _" : -. ] ’ .”d_-u.. |..-.-.1.-. ._.- L= . .m_- -- .J...“-.-..il =TT ! -m_. - " ) "._-_l.l e oa - ! ! v l.-._-l-l. *u . [ v....! A b . -_l. lI..m_I e - ” . -_. -__
» r I A e W ¥ ) ...-.L.\ “u ._d.__ I ...._1.. e Y Lt s LY T % i ' * 4 ] b e 4 - o T TR . : ot
W A R S SEESSC R 4 N N £ L L A Y e A T S S A S SR Sy - S-SR s SO T S T
: ; : X ! I SN R SR M R AT AT S I O R } : " " " : : : : . JE - PR AT | . . :
' 3 X 1 'y ! ._....t.-.._-_-.__. ¥ b LI P b e L N e . * ) 1 1 r 1 . _". ¥ M A ' __- ] N i v ! . m
; . . ¥ . _.,....I-_ w A [y o " . , . . ) ¥ r o ¥ i ] .n 1 * i -
T T T T T T N L R R R S S T T . L T I - L T :. X e ;
S gm ” e o dw e e “I' e e e e %' e e e e r"' e e e e r“' e e e e r"' e e e e r“' e e e e dw .' [ ...'”l.m“-”l.” ] ." e e e 'l” ". ”l.."“‘ %m ””l.“l-. .“l.. .. ......... . e e e e dw “I' e o e e ll"' e o e e '."' e o e e '"' e o e e '"' e o e e '“' e o e e '”' e o e e '"l- Gh W Gm “—.' e e e e e -' e e e e e " e o e e '.-' dm dm dm dw ”vu. e e e e e "-r L ] “Ir L ] 'm' L ] '-.-' L ] '-” ,”r L] ” e o dm e e ” e o dm e e .-L' e e e e r.-" th
t ) » 1 » i cmmw T " P, . | ] - 1 " r i i . .- A . . ’ . . "
: } L ' ' " ’ o, e T e o -r.._"._.._.. oy 7 e L . } ' 1 r ¥ ¥ ¥ ! . * iyl * % i ‘ ! 3 ; . . ; .
! i ' o A o ol L I - e SR * “' r . . oy F——— . , * r * ﬂ
: f ’ "_ ”_. e b . .1...._” e -n.. .,.____.__q ".._. ___.”._-._._-..r. R ) Lo R “__ __" " : : . b . . 5 % ._.._ . |-.-__.| < ...n.- . : hn 4, v H .
a . ' -__ L] .v.rll._.l-r . 1...- ..11_..... L-..._..-.__. .-I-..“I-. .m...- J.-.-.. _-,l.-..,-.....“. N ...-_-.._.l,l.r.r ' .-. ! ! . 4 L] i i ol ”l.ir,..l .-..-.I .-. 4 .l..-..-..-.q..._-._-.-..- .-_. ) * 4
n * b T % r -l.-..l ™ ._..\ L " ___i__ L e d s 1..-__---_...__-1... ..__._ ..m ! 'y i ' L Y - ' ¥ Pl . " >
r b LI - ! " u___u._....-..i _.-_. - y ._T___ . .._._. L R T L T N iy v ..-... Ll Y 1 i . ' A, i) » S N ol . ] M ! ln g F ., T T / ..
! [ Y Y ' ! R 'y - P T T "a N e ) 4 i Rl r ! R o R \ T * ' -~ .” - P R T T T S ¥ e F . X e ¥
L : : " A T Y R W S W " oy . ; ! ! e T S f ; T T ! ; "Eeeaat
-__. . .ﬂ . _--_ . -~ - __.- _.."t.n 1_-.._. .._.l.- .._.__..-1- lu-._r.-_-..._.i-Hi."_ ._-.-.-.rm. |.|._-.-r -_.-....- -.._...-_._.._ .rf1 -.l-... ........... n “n -.-.-r.... .-. ‘-‘ ; > K .m_- - . - ._".1... - Y .u -I... I\th.l-.. ..-.- .-I.-. UI PR < . .L__.” - n_r_-_ ) ._q- ol .- . ..__-l. p .”P I —- 1__.
. " » Yy 1 . e ...-. u ; R w ., r . RN . et ...”..”.... ) -.q-..- .~ t r v Ll : . " e _.___+ e ..._. S, L_-.v I L ! " o T ._____l. “u, ’ " a W by : '}
} : e Y T T S T T A . " . S ! ; ; i Ve o N T L STl / :
O U A S e N S R I S S G Y A A R R T S T U P S U - S O S U A
I P R iy o B S N S S e G N N T N S L R N T O A
. . -~ " .-__. g _..._..r. .1._ v . _._-.._r._ -.- ./ . " .. . - 1...__..-_ -_._1 n”__. -.- _r_-.... . . .....- ..-. -_ . . r -._-. . - - -. \ L ..-r._. ) L __-'_. ".-..- - - -_-. r ...- “ . . -'.- LN .._...._i”._u ‘1. .l__-_l - ...-. E .-. m-. - =, . ..--
% 5 o d " *
" . " s T T N I O Y N, A ; ; f \ .,.. ] 4 _ 7 .....,v . .,..._, T ..._.. - Y A PN ._... ;
. s L v ..1 ) X [ LI } n N o n . - » L ) n s . . - S . ”L.. “un o i i
1 ", . . Y m.”_ T \_\ . #._w J e e u.,.ﬂ.._.H.... . . Y 1 I - A N . "\ - ", ..n_.n.n. <, _-___f g e ....-muﬁ.. . \ - . A ._____. T
J' _-l- 1.!.-....1 .l-. - ” . ‘.\l..- .-.-1 . -_l.l.%‘ -l Ll " - I' ..... __.F- I\l ___-. -.___ l- ‘l- - -_-._ -_lq ‘1. l-__ o I..- - ....u.. ___._ r _______-_ -- - -_“ .—.- ll “ . __.' r o= ' .____. .-_.__.- .1.!1‘ ..-.. _-__-..- . " -.-I
0 ". ‘l “.”l .' .l.ml” N . I.l-i ‘I l'l l.' l.-.“ ”—' " - .—.f.. ‘.l “.I .-.' ) - II- l‘.“'l - “L ‘-- ‘“.--l F “..t”.- .\’"‘“ .&“ i l.'l o -ﬁ-_ i‘ 1 -l- “'J. - l‘.l. l..”-.- ln.“ -,” '.'“”' -‘-
2 __-d - " ”.__. __._._.___...\l.-... .r_r...._._ . _._..._._._ .....- . L _._-.....-_ - ._." -..r@.._“-.ﬁu.i - . _____. ...._....1_ " -~ .q_L. ..__ *. s, .. . J.-....; . b . : . " ) ____.. e J_-"... o “ |® " et l.___._u. . .__..__....- . r_..._..-.___ o ..r-_. ._..-._. -_._
1 - - " - - ) . e . . n s al ' " 1, - ", i e a2kt . . . . - : o
.-.- _r-r " .. _-I-lu\‘ _-.._-._...1-_-__ _“- .-.-- " .- -. ..I...H-HI._. ..-...- ”.-___-_-.._ ._.._.11 L.-.vnu -'- ...__-_ _-.\lu.m-....-______ E “l.-.u - ‘-‘-. -.-. “ _-_. . - .-....-. ...u.... % " h‘-- __‘u
N . " _-._ . o m ‘l Ty - -l . r v - . " o . r ® - - - : . e " 4 ~a I . - L] - M . » "
.__..... . \v..--_ _________ ....”.. Y .-.1r_-.. -. ...-.l.. LI - 1 " .-_ - .—...r.-_‘.-._..u r._-_- ._....-... -1- \“-.\q __.-. e X ke .n.L-.- -.__-.l .__.-.-. - -.-_l - . " “ -“. -~ -~ ”" - '. ..1_-..-_.._. '.rﬂr = 3 -....-.-.___ - .1‘.
L o - “moa - r . x . L e - [ - ", - - - -
0 _...___._ , ..___r T -....__.__._-. o l.n- Tt lul - ln...u..l..... L”.. * -’ - " - ..._...-_ ...n_. " - ..___-_ . ____.-_..... _-_...-_- -."w ”.... e " - h.ul_.l B ....- _._.___ .1“____._.._.._-... .\\\n.r 'y - ’
. ' ..\\i‘.-_ -.-__. “n_ - _-__-__ .___- " ..__ Y - i _._.r ....\.__n _...___.._- ........ s .__.....5.\- -..._-_-. 3 ., _._..- . u. . --. . 7] “ X .___.. . o ...__._ . ..r.r.nr -....q -____V..__\q
A _ U s . - ..-.q .__“-_-_1 . ’ " _"_ _ ._.l_.“.u ...-_ " . - .--. -... -_.-___.._ i r_-..___- ! I - .”. “ ..___ - - .-.-”...u -._ ) -~ u..nr -_.-..- qqq ..__.-
."-....-.-_ e ¥ l.l.lu"....lillr.l.-lr.ﬁw..l.ihnqll " .“ .-Iﬂt.- ___.-.- g “\\.1\ a ..-_lﬂ d rilulllnilrr“rrmw)ll._.l.rl- " 1”1.._ X l.___.- .
. - L] - ..- » n = o o ., .-‘ . -__ .-._- Hr. .- ; -._I.-. - l- ’ 4 . l- - I.l i A -
\__1‘ . ) " " s i n . 1 -" o - _...F.. o~ - o . 3 ) - . s . ._‘— ” .-_........ . n
~ o . , tea v K, : e N S Gif af . Y TNt a 3 ' b o N, q1t
-t LI i S . h 4 . o - u.. A _.....u E b " ...-1 e y = .y J 1 ! -~ --n - o _"-....
c T -.”I-_ . < . - n l..-.....-l - =" " -....-.-_ P T -._ Bl ko 1 -- ~ " T -I.- .
L ' -_ \ [ .llrll._-”-.llnml.llu L | ! - . .-.-...._. -, il ....l.__-_n. A ] ' l...lI.I.._..I.l_._l.l.mIi... . ..__.. . ...I.I.... -.'- .
™. Fy _.._....__r . " ) n _.__. ! 1-1.._ " " *a ! e Y . N 1 i oyl C v -
. .__r_... : .__._.“.n p.. - el " . o - ._._.__ ._....._. _......_ ._1. " il L X o ) “ . ..._.. et A ..h_.,...-.rlu. _._._.. . .
- .-“_ ; — e o i L —— . .....- 1 ! - - d . -Il Jl...- . i- - T A N e .-.. a2 b u..- a - e o -_. ..-.-.u -
.1-__-_.- ..h. l.rl_.l-_l_._-.ul..l.l.l.l.-_...-_ .I.r.-_ 2 .__.I. .. .l-..-ll... - ...II... *- LT ’ I.-.:-..I.I ...{..l-..l.l_.._-_ - - ™ I.-.”-..I |.-..|
e .._h. £ o1 .., e T ! d Sl ' _...___ .-
r-..r..- N ‘u u - - - . ” . 1 ‘ l.-.-l -
- ! B LT S ’ 1 ' -
T - 3 " ln_. - - "u - . I-. 1 - e -
s I_,ILI - ..I lmﬁ - I.I.-.l ae® - 1 - I.._1.-..| -
R, -

06 14d 0 1
Uoilens|3 LULY

ZHIN OLY
suaied uoneipey

U.S. Patent



€9 DI

US 10,116,063 B2

$1-9¢

l..r...-.-l.l.ll.!l.-..rl.ll.u.l .

- .__. T
l.l.l...l - .m_-. Py J
||.1|_1l. v “ -.-
e LY ] ) .
I-_....I.._. .-_ “Ii....l....lii.lu._-r.{ulill.l..l.ll”
'l ] l-l..r....l-_. i
-~ P :
’ b - = -._ -.m_ -
1._...._..._. .-_.1 . 1.I.._. l ... —-. PO ki i it bl b N Y IL..-.
- |.-l-.|..-_ .... - = .r-”.l. -I. Tt -
-

M
o
L |
L |
L]
-
-
™
L8
1
_.-"
| |
h |
¢
1
) - .
- e
S S S S R S S S S S S S
LT -

e

h-_ e “m

-l ) .l-lr-
" e l.-ll r _-J._- -

o ) - " . -..n__. -_-._.r.._
i- - -..__l.-\l- -____
iy l- ' [ ] lf..- -...r.l

L.-._l .__‘. o .
.-”h.-. - “m .-1.. __..-.-..- o .-1.- mN N
1 ._..-_“-..-

-.___ . r-. r - ) --. S ' - ™ -.!-.
SN W L T ; s . N T
-_.1__. *u - LAl ll..q... ._.. . l.-.....l.._.l.-l._-.ll.r.._-_-l,___“ll[ ’ .r.-.u ..1._- “u *
) A ¥ -4 - o - -__ -_ - ______.__ \.-.l” __.'-
4 ) Rl - .__‘. -._.r___ ' e P " v
._.___n r ¥ B P, -1.. LT " .
Fma L~ -.-...._u. .. . . Enl J._.__._ _..___
A e D, N N S e
Sol : S ol g N N
0 “ .._T .-. .” i-._-_... . . " P P -_...._. ._... -.__
- - ! a2 . - - - “a L 1.\.-. _...l-. .”-.I.-. L] -.-
Iy Tt . ..u... ' L ', '
._._" ” ._— .-u.“l_-.. .”-”” o -.-.-_ o ) .-....__. _-.“-—1._- .. .- "
4 } ' ! o . U r L LN o .y
-_. -.. . ' .m-_ . b l.|.-. .__ LI L]
1 S PO G
! . <8 N y s 3 Ve , g
.-. ._._" 1 h‘- .._l. -.I._.._-. _-.._...-..- - - ull - -. % ..-.r.l.u - lm- -. .._. ”
N R Ay N, e S
W S305.77 ACVEan Y Tt U T Y YO
e .___" “_. ._.. . .... . . __-___ o ..1___.”... _._“_ ._“_ - 1..___.._- T ...-.nl " _.... "_
SITR T S S R o S “ : .
-.._._"h.-..__ﬂu..‘-. ._.._... - ..l... ..l-.l .- - Iﬂ.nl . ..- -. " ._._. * e
o _...__.H“ b o ___._l : "_ .__. . . n ." u.
L R ' ' . 1 » ; .
S am l-ll -m “_...__..1._...__..1__"_.. - A .__.._...__..__..“...__..__.._...__..__.”.”"..__..__.._...._..__.“1._...__.._..._...__."_..._...__..1._...1"1._...__..1._.....__".1._...__.._..._..._”. D ﬁ,w
S g L { 1 1 . i ¥
S SO AL TR, . : Pd
1Y LI e T T . ') ] ] )
-.__. -_- .__I.-.-____ L. |-. - .- l[- _—ry » -.- ._. L] L]
GROECN L T 8 Rt L }
-_. .-_-. PN . -.,_l-.q- - “u L"L.. | - _" l._-I_ b l.l-". - 4 ]
S .._-.___ e e -_._\1. “u ;O ) _-_u__q . ;-.- n —- . ._-_..._-—w.__ e l-.
L' - .1 .-_- - - ! l.r1 [] -. a4 -
- - - l.-.j_l _-._-_1-_“ L e 1 r r r
: ..m.m B P S .- & ; ; !
v L] L ! . -._-__l . . e .__1 .l r
" N ...._...... i LS A S PR 1 ¥
b ' . =N . i u-..-. ! K.’ / e, ¥ 'y
.."r : .._..._-_ . ll@ H._l. . g .__..._._ "o T .._”.._ g r s I y
N Il § . 1 |.||.._ H._..... e o 1 ._..' _..__- - . ..-... LA “._ ! ..w. i .
8 - . |} ___J.- .q.- . ~ .-j" h‘- J ..n A . L .11.1 - ..‘.- - . ’ - " - l-.
A : N . . T T SN A ¢ /
1 o .- " 1.-.| - 1 .-l... ..-.I___ . x "% - - e - - - l..-_ -0 _..._-__ ..-__ . ” - L ! ..-.-
...._._ .._..__ ) -_...._..____.___1 __._.... .._...__.... . -.._...._u. ) .-..,. .-_. _" ) w ﬁ ___... o ...__.._ " . o I h_.__. S
.-. L a - " r _-..-_.. [} ¥ -_. . by . -._.L___._- b . .-.n__. .r.-_...-_ .11
0 A -rl Jl .._..__1 .-... - r ™ - * ' .- __r .ll. r » . . -..... ‘__.
" - -~ * * " . -.n___ " ! N - b . ol ._.__.___ o - ~u,
g | Y™ . R 2R TR T o R S SO e A
1Y . i .. F L] ] - m...... L5
_.__ ' . " ll- . ._1 - ..- l- ' -...-l_-.._ t”-.”l - ._-._.r .q_- ’ 1.1-.
" L] , el = d ~a _-.- -.. 1 - - _...- ! L ._.l
‘_re.. L ‘“l“ L ] l\\‘i f.-.l. ll- -l.l . lllI_ Ih--.. 1-r.. - " ‘.'— l'- ‘l! ) .. JH“ . l.-l-
.__.-... -.... L e q.- T g d ..-- n o - .-._ . -1.__..__.... " .”... . qqq -..H.
&, R N Fi T, o N 1
- AN N “ F A oA 3 RN \\ .
. m._m- » . i..-.-. ............ r-__u ..-l_ H L ....-..I... - " ..“... s - _..-... - _n..rLtH”.—m_
t L v r. ] " - . 5. - o
-_-...r -_”.L... Y 3 e - ._.-.-_-_. -._v.' . " ] ....-.__..-
c *- = -.- I-J I“.. e .-I -" ) fu.l.l TrE - mll.‘ ) .fl -.... o - I-I.u. -llr .i“-.
O -.-_.. .-..__.l-._..“. - -__-..-...l s . ¥ . - - “l ..l-.-...ll. .-.'-. .-11_._.
. ] "= - I. .l.. bl o . T .-... e ....‘. . -, " . I.‘l
" " .-.-1 _.-Hl.l _-..I..-."l.!....l|l. ._1..-1.. .Ili.-..ll .i- I.l.ul.l '
Ty . -._ _-.- ! % -
= - . 1 . .I.I -~

N

UGI1EAD]

U.S. Patent

ZHIN Oo¥

ll_.-.-.l.l.lll.-..-l.ll..__.ll..lill.l..
. l‘.. - ...l 1 ..-- 'l.-.'.l.l -
T b 1 i/ T,
- l.I....I-: L] “ ¥ _Il1 - .~
-..1.-... - -.-...I.l..-ll.r.-._...l|.-“.-1l_1l.l.ll..l_-.l_”-. -l -.._.._.-.
e M : e L F T
as ool 1 Tt . T
-~ a____.. - .1._._____ ."_ 1 .____ _____Pr . -.-._ M
- L] - ' N 1 ] g ' "
o L . SR ’ ", s "
. ....—.-.. . l___.ll_...r 1 e ; e a
- Rl e . ; ¢ g £ .u
. - ' ...l- ! 1 1T N - * -
mmuﬂ ] -.....-_ w ..1 __l- .I..__...I.-.!I l-. - “ H -l l-__-_ L .__.-. l..-.___ .-.1.1.- ...-.-. mN..N
' . " - -, - -k .. T r -.- -.
) ”l\l ..-.I_“r L] - ll-__..-l L ” L I.--l..l - .-l .!Il -.._r.l... -
o o et . . e P o
-~ -.. .-___-_ --_n- .--. l.l_l-..-.ll-. A “ ¥ ‘-..J. -.-.L-_ ._in l..-_ . .
- .....n.-q 1‘\”'..___r1 \.._...._-.-__ LY rll.__.-....u.lu.-..-.-.lﬂll._..._.jl..-l._._.l._.r ..-.. _..__I... . ST L .
r il [ ' . L] |.- - =, J . “ . et 'i Il .
h.._..‘ .__.. ..._._.-_ -\\\1 ..“__- a ______.. ___.....- "._._._— . : A “ . h. -.- I . | .--. ._..._ _...__.... ....._._.. _..._.___
l".- .‘\‘.- “ Y l.--_ ‘II—. L |\l”1 —_i L .. o u..._. . o .._. .I H.. A -.- .‘-.- -..I“L [ .!.-.\.- ____-r -.J”r.“ -__.. __i
* T h a .._. ____- \\\\\ 1Y - L] ; Illfl.-.r 1 _u_..-_l,l.-... Ll- an -._.-. .-1 llll’. .--. ___- ..-l- ll.l-.-
/ ri., -_h.q v’ -.._.....___.. * __.r._ X3 " .m. “ ”rvr .....-...u “u u. .. ...r -_...__.... "u *t - %
s .__11.__ " -._-._-_1 --‘_- h.. b ...... . . 1-.-..-.? _... -._. “ t“ u.. .“-.h n_-..ill . .-hq -.-_______ o . _...r_. l.II - " -_..r "
..-. , _-..-__.... . ._L. -____r . r:.. ....._.... . ‘_-q eam - !“l - -.-. A .__1. -.__-.u. -_\...\ oAt -__....._ . H..."_ _____'
. * o L . . -1_.._-.___ _.___- 3 .__._._ . |....._..,._ ) 1 ! . - .-__. o ' .-.__.......... - -~ L1 " "
7 . . ) . g 1 . A " . -~ L] " i L
.hl-.ll I__-. - ) .h.- -.. _l.l.- = h-_i. .-.- vr. 1\| l __'- l-l- lf “ .-.-. ”. iiu.l -__I_r !-1 i ..- -.l-... - !1.._. |l”. -l_. ..”. - -I __.l.-'-
-- ) “_l e -1 a3 ._,-_q__..”_ ._-_... .”...._ * L .“.l et ....-....-_ X ' 4 T . ._.__d- .|_..__|.._ b . . .lrul.“ -__..
. L ; . S - SO ...-___ - bl 1 LI -. . ol o . I " ..-.-...1 L
g s .- ] . -._ h.-_- -_lu._-.- - .__“_111 .. .1._..._. " L “ 4 1.! ul N .____..-.“.. A 1._.-_ _.- ..-.. -~ L . * 5
L a ' .. ¥ o O Pl | " . 1 L ..._._... . Ay . e Y 1 *
F P . .q Bt - _-.--___ —.__. L -._.-... ; ._____. . " ._.- -_' “ i -_.# ! .._“.1. M ., - .._._.. .q.l.... " Y -.. o -~ " . q___ .”_
! ! g r L - | A " .-..- L e R -..-.. L n ....L. ._....u___ 3 - o~ . . . .
Itl_-. - L. 1 1 “ ‘- . l!. ! ti. ) I_I.l 1....! .-.-._1 _-. ".__-l '—. ”u “ —n.. ! .FNH.- lI -1| _-_-. Il.l _._- .-.“F.ll -_. l.—. .- 1 1.-..‘ - ...I
¥ T _-..” ) ' ._..v ., . e N _.._+ . .. 1 u 'y .n”x”v S e J_...- A Y N " __..-__“.- T _“__
] ¥ LU I [ i T g "= L | 1 g ¥ o L -~ . . L T 1
] L ! ._.__..1_-_-.-_..._. by i ] - _-._-_..u W% .._... ! . ..uul.._ ._r.lul.u kX - ¥ . .
“ -n- in “ “.l - ity k & L -i -”'.-rll n.l,.-.n. -_l.f.-.-_ i_fl ..l”r--.” ”.i -.l-#.i\\‘ Il‘\l.-l‘ - - ljp L ’ ._.F - IH-.| - _1”—. li ._" "1 ”
. i 1 ¥ / Y s . i " |...___________....-.q L - . o = . i, . L, 2
il . " ar L | " - . ar i . ' B
; ” : ! P T e L e e e T e s . _. " : }
6 i : : { g . ‘ BT e g Ty m Ty ; R P : : ; 0Lz
G “1.__..1.__..__..1“_...__.._..._...__.._1"._...__.._..._...__...m_.__..__.._..._...__......._.. i _..._...__..-.._...__.._..._...__.w............_...__."l._...__..1._...___.".1._...__..1.__.._-..1._..ﬁ4 PPV P NN TN o AT PPN PPN EPPRPESRE MR R ’
) L i v R " L .__..L....nut.-u_ . n 1 ! i . " ’ i !
R S T S N N SR ST s S NG e Sy S RPN SN ST S ST SR
.._. . 1 1 ; . __..-.-.-....llll . ...-..l...__. ..1...- B ...-.1.____' ' r_-_.-.u. _-_r”_i..- . -f-.l..-._.ui . B, Y 1 1 %
' "_. “ _"_ * i - == ...-....-ll B u- +..-| - ._d“._..._ e u.”u-...._".-”-...-___ : A ._-...“-._ T . oy n- - .rur_._.._-_ Yoo l[h ™ " ." ._.- *
1 1 r s - - L LA R b i - . L - - ] i 1
-_-. .-l - -.-_ e - :.-".r{ ; .-_..- .r-_ ."I - - lr .II1.I .-.n-..-. L\\\ -li .-..11 i_. “ - l__l l-.. .'...-___ .-.l.l.r " -._l_l .-.-. " .lI-.l -”_l l.hl v ) _"_-.I.l__- - ”-_ ..- 3
¥ - T ¥ i [ ¥ -~ -~ L ll._.-_l .__.‘-.\.-. ...._.___ r 1 1 LR l.._.-__- . .”l-.-...-_ T . T | ..-. ; P W e ....l.,l.". - .-
”\r{l .= -_ -. - u_. . 1.__.-“-I ..r - . - * ___.ill 25 -.1 .-._. " ._.-.._-.-_ - - L i l.-.l.r.... . i ” n- - .l-..._-.--
: i + r o -L-.. i - L -..- -~ .. ] -- _-.I e A Ni n L] ~ luur...-_. a - e L k. ' 4, M
. . . VL Y 2 L A T P, - : ' ¢
% Y " Y " Yoo R ..1..- y ; ) “ . ._._. ...-.._ . _.,..._._ N\, L / ] ’ d d
L | - L] T ] .I.l ' .__.1 -...-_ . .l -.. ] 1..- -___ L] -..-..1 L o=y ] -- i
__- .... ll-._ﬂ_-. - H ) .-. -..-.l " -.-r ..-.-_-..I.“__.___ -.. P r__-_" e ..-... “ .- .._-..F".I._. " T 1.-”!.-___.1 ._”__‘. lfu h‘__. ..— - ...-.“ " .l —»
L .-..- ane® " " -_-.““- LT g \““7_.. .t__. ¢ - ..“_.J- _..“_...l.- B .._. -._._ .l..-.. . * r“i-.- _-. X . r-.L-......-.__ d
b -....ulu.._. ' _..-. N 1 - - ' s 1 - kY k S . 5’ .f-_....._ . .. |j|_..,| g
.“. . ...._.. ” - .._._ t__....-_ h _..“__._..-i-. ) H 1 _" " l.....___._"......_ J__...__.____ - ___....._-___. . ”.". I ..___T .U.
_...- -u..r .._-_—__-_-.._..r -.-._ _...-_-_q.- “. .‘.1 N _-_-...__...l - -.--. “ .l_mﬂ - __.'-l T l.-.._ -.‘.\l-.. ._.-.-.-.n_- . __..I_l = ._.q i‘...- -.-_
. ___-. N L ' ..I.I.-.l..-.l..I .r-..- » -. . u K 1-.
l-. u-l - l.II.- l-._ .-.___ .--_ -r H\-l -_-._,_-_..._H1 ‘-.‘1 .-.. “ .U ..- '-'-. 'l- .I.-..- ..___.-_ ..u _-__- ._.-_hl E HI }__l.- . ‘1 i-
oA o e PR hod h e, S
" i - " .._._.r._. ! P ¥ (I SO 1 PO o " -l.__. . . . ..._1_- - “u )
.._._ ...__ -.- ; ‘e r .-._-_I. .__-. ' ..h. --._-_.l.,l._-. -ww Im" ﬂ -.. 'l__ .-..1 ) ____- o -.. 1"-
i.-.._ .-.___- .-.-_-.-1.-_- u.. ..-.-.”1 .-.-1__._-_.-_ l-n |-. “ -. ..v- ....I.-..r-“-. .“.-h .-.--.u_mu_. . .._-._..‘ -.l‘.
. et ks .-_.__..- ™ ] . “u ¥ 1 i fa" -~ . ._...._..-. -....- Pl I x
.rr- iu.“-. by E -.-l ) -._-_l _.“ l-t-. l.Lll S J..-i_-. “ lm -.--I.I L - lJ.-l-. _-l_-. !.l.-.rl ___-. .I.-.-l iy l\\.\”l”-. ._.-_t
. | . . Pl S I : L
.____.l.r”..-l\.\i / ”.Pu.. -_-_._... ul\-_r.lL -~ l- 4 “ L .‘l - - ...- ._..l..._.l . - J.l._r.-_-._ .
¥ . - J LY LI ) 1 K
___-.-. . .1‘...1\ : - T -.-_- qL.-_-. -_I.I v - - 4 “ . _"I.-. - - - II.._- -..1 ..1.-_1 " v.u_.v.v _...-_.- .-.-l\.-.\
_..-._..-. ..__1 . . v.H "...”.. .-.-__-._l.- . . ._ .-._.t S s I“I - .¢ - lI"..”.- ..._. l 1_-...__.-..-_.. .vu..u_. . ) .1-._. .
ﬂ-.-..ﬂ_ -________- 11- _._-...._u ) *a ] - ”.. ." “ .._. ___..-.r - - -xv_. . -_......_ . .-..._. m ﬂm
. . . A 1 LAY e - .
.__._-“__... - l.-,.i‘-_ln.l - .u.._..u_. B ’ l....,l.rn.--. I..-.uulni.-llul.—l-_l..-.lt.-.“.llll.l .-. A l...___l-__\.-_ -.-_-.u..-.
N ; et S P
|..-_ r ....-...H u..v * 1 L] . A 1-...-.- r . L]
..-...__.” g o . Mttty e, 1 r...r.. 0l o 4 X
- ) Rl A T W A -;.t....- . -...l
.l.ll - 11 .- b LI I _1“_1.l| ".ﬂ.l - -_. ..._. . -
R, “ : ' e
-.-.l L. . _l....lll“.- m _"'.l_l....lili..l.u.r

HINUIZY

suianed uoneipey



79 "Old

{zHAI} Adudnbaly
067 0LY ach

US 10,116,063 B2

Sheet 45 of 48

....................................................................................................................................................................................................................................................................................

Oct. 30, 2018

U.S. Patent

{tgp) uteg



U.S. Patent Oct. 30, 2018 Sheet 46 of 48 US 10,116,063 B2

490

FIG. 65

470
Frequency {MHz)

450

-"""""""""""..""""""""""""""""""""""""'""""""""""‘.""""""""""" """""""""""""""

(38p) YIpIM wieag



US 10,116,063 B2

Sheet 47 of 48

Oct. 30, 2018

U.S. Patent

99 Dl

{ZHIAE) Aduenbaiy

e g i

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ%ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ%ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁlllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll-lll.

R W E R W W N W R N NN RN R N NN NN N RN NN N RN RN N NN NN RN R NN NN R N NN R R N NN N R NN NN N RN RN NN N RN RN N N RN R N NN NN R N NN NN RN NN RN N RN NN NN NN W RN N NN RN R N NN R R N NN N R NN NN N RN RN NN NN W W N RN R NN R R N RN R R NN NN N NN NN NN NN RN RN R W RN R N NN N R N NN N R NN RN N RN NN NN NN NN RN R NN RN R N NN R R N NN N N NN NN N RN NN M RN RN R R N RN R N NN R N N RN RN N NN NN N RN NN N NN NN RN N NN RN R N NN R RN N NN NN N NN NN NN RN NN NN NN RN R N N RN R N NN N R N NN RN N NN NN N RN NN NN NN RN RN N NN RN R NN R R RN R N W NN N RN RN N NN W NN N NN RN R N NN R R RN RN N NN NN N NN NN NN NN RN RN N N RN MmN N N N RN NN N N N N M

..-------------

e e e e e e e e e e e e e e e A e e e e e e e e A e e e e e A e e A e e e e e e e e e e e e e e A e e e e e A e e e A e A A e A e e e e e A e e A e e e e e A e e A e e e e e A e e e A e e e e e e e e e e e e e e e e e e e e A e e A e A e e A A e e e e e e e e A e A A e A A e e e e e e e e e e e e e e A e A A e e e e e A e e e e e A e e A e e A e e A e A A e e A e e A e A A e e A e A e e e A e e A e e A e e A e e A e e A e e A e e A e e A e e e e e A e e A e e A e e e e e A e e A e e e e e e e e e e e A e e e e e A e e e e e e T a a a a a a a a wa  e"

-
EEERRKTRETRNRTRHN

[ |
x i ; ERREERRRERR . . - "
P r Pt it EFX R EEEEREEEERR ", . ]
] . ST EREEREEFEEEE P [ |
. . - | |
__.l__. [ |
-.. . ) -
. ¥ [
o [ |
: [ |
. r [
o [ |
. ) -
L BN B BN BN BN BN BN BN BN BN BN BN BN OB OB BB BN OB OB OB OB RN OB R OB B RN B BN B OB OB BN OB BN OB B OB OB OB BN RN OB OB BN OB OB BN OB BN OB OB OB OR OB BN B B BN OB OB BN BN OB OB OB R BN OB R BN RN B ORN B BB BN B B BB BN OB OB BN RN OB OB BN B BN B BN R B OB OB BB IO | J ol ol o R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R
=3 .
. [ |
r [
.I L]
. [ |
ana [
. [ |
. [ |
__.nn [
. [ |
P [ |
ana [
Ll u
e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e g e o o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e ok ek ok ok ok ok ok ok ok ok ook ok ok ok ok ook ok ok ook ook ok ok ook ook ook ook ok ook kool o
ana [
N . [ |
E [ |
e [
[ |
¥ [ |
. [
[ |
[ |
[
[ |
[ |
[
-
[ |
[
[ |
[ |
[
[ |
[ |
[
[ |
[ |
[
[ |
[ |

e  w w w w  w w w w w w  w w  w w  w w w  w w  w  w w w w  w w  w w w w w w w w w w w  w w w w  w w w w  w w w w w  w w w a w w  w w  a w w w a a w w  w w w w  a w w w  w w  w w w w w w a w w  w w  a w w a a a w w  w w w w a w w w w n w w w w  w w w w a w w  w w w  w w w w a w w  w w w w a a w w w  w w w w w w w a w w  w w  a  w w w a w w  w w w w w w w w w  w w w w  u w w w a w w  w w w a  w w w a w w  w w w  w w w w w w w  w w w  w w wl

U1

0c

Ot

Ot

05

03

474

08

06

001

(83p) Yapim weag



US 10,116,063 B2

Sheet 48 of 48

Oct. 30, 2018

U.S. Patent

£9 'Ol

{ZHA) Aduanbaug
O6¥ QLY 3% 7

4 4 -8 O

e e e e e e et e e e e e e e e e et e e e e e e et e et et e et e e e e e et et e et e et e e et e et e e et e e et e e e e e e e et e e et e e et e et e e et et et e e e e et e et et e et e e et e e et et e et e et e e et e et e e et e e et e e et e et e e et e et e et e e et e et et e et e e et e et e et e et e e e e et e e et e et e e et e e e e et e e et e et e et e et e e et e e e e e e m

O
—

{gp) ioeg 01 uoLs

‘“‘““‘“‘“““‘““‘“"“‘“‘““‘“"“‘“‘““‘“"“‘“‘““‘“"“‘“‘““‘:““‘“‘““‘“““‘““‘“‘“““‘““‘“"“‘“‘““‘“"“‘“‘““‘“"“‘“‘““‘“"“‘“‘““‘““:‘“‘““‘“““‘““‘“‘“““‘““'“"“‘“‘““‘“"“‘“““““““““““‘-‘ .

g 1
» 1
- . | J 1
- |
gl 1
. | ] . --
. r 1
- |
r e 1
" 1
. x 1
- |
gl 1
. » 1
. r 1
" :
w ’ "
W " e 1
ety ey 1
" ™ .
. o | " . . " --
= . o 1
L ey 1
" ™ .
' 1
Vi ] r o 1
e . . 1
o B = 1
K " .
. e g 1
. ow | 4 " -- = | 4 -"
. x| x -

" ke e K i o O m



US 10,116,063 B2

1

INTERNALLY FED DIRECTIONAL FOLDED
YAGI ANTENNA ASSEMBLIES

FIELD

The present disclosure generally relates to iternally fed
directional folded Yagi antenna assemblies.

BACKGROUND

This section provides background information related to
the present disclosure which 1s not necessarily prior art.

A Yagi-Uda antenna (commonly known as Yagi antenna)
1s a common antenna design. A conventional Yagi antenna
includes multiple parallel elements 1n a line. The elements
may be supported along their centers on a perpendicular
crossbar or boom. The Yagi antenna may include a driven
clement connected to a transmission line and other parasitic
clements, such as reflectors or directors. Yagi antennas are
commonly used for focused directional and fixed-frequency
uses. While Yagi antennas are often lightweight and inex-
pensive, the transmission line and other sensitive parts of the
antenna assembly are exposed to the environmental ele-
ments (e.g., dirt, dust, water, etc.) and susceptible to damage
thereby. Such exposure and damage leads to downtime and
required maintenance of the antenna assembly.

DRAWINGS

The drawings described herein are for illustrative pur-
poses only of selected embodiments and not all possible
implementations, and are not intended to limit the scope of
the present disclosure.

FIG. 1 1s a perspective view of an antenna assembly
according to an exemplary embodiment;

FIG. 2 1s a perspective view of the antenna assembly of
FIG. 1 showing the first or upper portion (or antenna
sub-assembly) that includes dipole elements spaced apart
along a boom separate from the second or lower portion (or
cable sub-assembly) that includes a first cable (e.g., coaxial
feed cable, etc.), grounding elements, and a second cable
(e.g., internally fed coaxial jumper, etc.);

FIG. 3 1s an exploded perspective view of the second or
lower portion of the antenna assembly shown in FIG. 2;

FIG. 4 15 a perspective view of the portion of the antenna
assembly circled 1in FIG. 3;

FIG. 5 1s a perspective view of the antenna assembly
shown 1 FIG. 1, and also 1illustrating a rubber tube and a
heat shrink tube that may be disposed over a center con-
ductor of the second cable where the center conductor
extends between and across a gap separating the end por-
tions of the folded dipole element;

FIG. 6 1s a perspective view of the portion of the antenna
assembly circled in FIG. S, and further 1llustrating the rubber
tube, heat shrink tube, and center conductor of the second
cable extending between and across the gap separating the
end portions of the folded dipole element;

FIG. 7 1s a perspective view of the antenna assembly
shown 1n FIG. 5 after the rubber tube and heat shrink tube
have been assembled generally over the end portions of the
folded dipole element;

FIG. 8 1s a cross-sectional perspective view of the boom
and folded dipole element of the antenna assembly shown 1n
FIG. 1, and illustrating the electrical connection between the
first and second cables within the hollow interior of the
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boom and also 1illustrating the second cable internally fed
through a hollow interior of a first portion or section of the
folded dipole element;

FIG. 9 1s another cross-sectional perspective view of the
boom and folded dipole element of the antenna assembly
shown 1n FIG. 1, and illustrating the second cable internally
fed through the hollow interior of the first portion of the
folded dipole element, and the center conductor of the
second cable extending between and across the gap sepa-
rating the end portions of the folded dipole element;

FIG. 10 1s a perspective view of the antenna assembly
shown 1n FIG. 7 and also showing an exemplary label and
sealing member or element (e.g., rubber plug, molded 1nsert,
etc.) aligned for positioning within an open end portion of
the boom;

FIG. 11 1s a perspective view of the antenna assembly
shown 1n FIG. 10 after the label has been applied along an
exterior surface of the boom, and also showing exemplary
dimensions 1n inches for purpose of illustration only;

FIG. 12 1s a cross-sectional view of the antenna assembly
shown 1n FIG. 10 with exemplary dimensions 1n millimeters
provided for purpose of illustration only;

FIG. 13 1s a perspective view of the antenna assembly
shown 1n FIG. 7, and further showing an exemplary mount-
ing bracket that may be used for mounting the antenna
assembly to a supporting structure or surtace;

FIG. 14 1s an exploded perspective view showing the
exemplary mounting bracket shown in FIG. 13 that may be
used for mounting the antenna assembly to a supporting
structure or surface;

FIG. 15 15 a front view of the antenna assembly shown 1n
FIG. 11 with exemplary dimensions 1n millimeters provided
for purpose of illustration only;

FIG. 16 1s a side view of the antenna assembly shown 1n
FIG. 14 with exemplary dimensions 1n millimeters provided
for purpose of illustration only;

FIG. 17 1s a bottom view showing the folded dipole
clement and reflector dipole element of the antenna assem-
bly shown 1n FIG. 14 with exemplary dimensions i milli-
meters provided for purpose of illustration only;

FIG. 18 15 a side view of the first cable of the antenna
assembly that 1s internally fed through a hollow interior of
the boom {for electrical connection with the second cable as
shown 1n FIG. 8, where exemplary dimensions 1n millime-
ters are provided for purpose of illustration only;

FIG. 19 1s a side view of the second cable that 1s internally
fed through the hollow interior of the first portion of the
folded dipole element, and also 1llustrating the center con-
ductor that extends between and across the gap separating
the end portions of the folded dipole element as shown in
FIG. 9, where exemplary dimensions i millimeters are
provided for purpose of illustration only;

FIG. 20 1s an exemplary line graph of voltage standing
wave ratio (VSWR) versus frequency in megahertz (MHz)
measured for a prototype of the antenna assembly according
to the exemplary embodiment shown i FIG. 7;

FIG. 21 illustrates the radiation patterns orientation for
the antenna assembly according to the exemplary embodi-
ment shown 1n FIG. 7;

FIGS. 22 through 27 illustrates radiation patterns respec-
tively for Azimuth Plane Phi=0° and Elevation Plane
Phi=90° at a frequencies of 890 MHz, 925 MHz, and 960
MHz measured for a prototype of the antenna assembly
shown 1n FIG. 7;

FIG. 28 1s an exemplary line graph of gain in decibels
relative to 1sotropic (dB1) versus frequency from 890 MHz
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to 960 MHz measured for a prototype of the antenna
assembly according to the exemplary embodiment shown 1n
FIG. 7;

FIG. 29 1s an exemplary line graph of Azimuth Plane
Beam Width 1n degrees versus frequency from 890 MHz to
960 MHz measured for a prototype of the antenna assembly
according to the exemplary embodiment shown 1n FIG. 7;

FIG. 30 1s an exemplary line graph of Elevation Plane
Beam Width 1n degrees versus frequency from 890 MHz to
960 MHz measured for a prototype of the antenna assembly
according to the exemplary embodiment shown 1n FIG. 7;

FIG. 31 1s an exemplary line graph of front to back ratio
in decibels (dB) versus frequency from 890 MHz to 960
MHz measured for a prototype of the antenna assembly
according to the exemplary embodiment shown 1n FIG. 7;

FIG. 32 1s an exemplary line graph of voltage standing
wave ratio (VSWR) versus frequency in megahertz (MHz)
measured for a larger prototype of the antenna assembly
according to the exemplary embodiment shown 1n FIG. 7;

FIGS. 33 through 38 illustrates radiation patterns respec-
tively for Azimuth Plane Phi=0° and Elevation Plane
Phi=90° at a frequencies of 450 MHz, 470 MHz, and 490
MHz measured for the larger prototype of the antenna
assembly shown 1 FIG. 7;

FIG. 39 1s an exemplary line graph of gain i decibels
relative to 1sotropic (dB1) versus frequency from 450 MHz
to 490 MHz measured for the larger prototype of the antenna
assembly according to the exemplary embodiment shown 1n
FIG. 7;

FIG. 40 1s an exemplary line graph of Azimuth Plane
Beam Width 1n degrees versus frequency from 4350 MHz to
490 MHz measured for the larger prototype of the antenna
assembly according to the exemplary embodiment shown 1n
FIG. 7;

FIG. 41 1s an exemplary line graph of Elevation Plane
Beam Width 1n degrees versus frequency from 450 MHz to
490 MHz measured for the larger prototype of the antenna
assembly according to the exemplary embodiment shown 1n
FIG. 7;

FIG. 42 1s an exemplary line graph of front to back ratio
in decibels (dB) versus frequency from 450 MHz to 490
MHz measured for the larger prototype of the antenna
assembly according to the exemplary embodiment shown 1n
FIG. 7;

FIG. 43 1s a perspective view of an antenna assembly
according to another exemplary embodiment;

FI1G. 44 1s a perspective view of the antenna assembly of
FIG. 1 showing the first or upper portion (or antenna
sub-assembly) that includes dipole elements spaced apart
along a boom separate from the second or lower portion (or
cable sub-assembly) that includes a first cable (e.g., coaxial
teed cable, etc.), grounding elements, and a second cable
(e.g., internally fed coaxial jumper, etc.);

FIG. 45 1s an exemplary line graph of voltage standing
wave ratio (VSWR) versus frequency in megahertz (MHz)
measured for a prototype of the antenna assembly according
to the exemplary embodiment shown in FIG. 43;

FIG. 46 illustrates the radiation patterns orientation for
the antenna assembly according to the exemplary embodi-
ment shown 1n FIG. 43;

FIGS. 47 through 52 illustrates radiation patterns respec-
tively for Azimuth Plane Phi=0° and Elevation Plane
Phi=90° at a frequencies of 890 MHz, 925 MHz, and 960
MHz measured for a prototype of the antenna assembly
shown 1n FIG. 43;

FIG. 53 15 an exemplary line graph of gain 1n decibels
relative to 1sotropic (dB1) versus frequency from 890 MHz
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to 960 MHz measured for a prototype of the antenna
assembly according to the exemplary embodiment shown 1n

FIG. 43;

FIG. 54 1s an exemplary line graph of Azimuth Plane
Beam Width 1n degrees versus frequency from 890 MHz to
960 MHz measured for a prototype of the antenna assembly
according to the exemplary embodiment shown in FIG. 43;

FIG. 55 1s an exemplary line graph of Elevation Plane
Beam Width 1n degrees versus frequency from 890 MHz to
960 MHz measured for a prototype of the antenna assembly
according to the exemplary embodiment shown in FIG. 43;

FIG. 56 1s an exemplary line graph of front to back ratio
in decibels (dB) versus frequency from 890 MHz to 960
MHz measured for a prototype of the antenna assembly
according to the exemplary embodiment shown 1n FIG. 43;

FIG. 57 1s an exemplary line graph of voltage standing
wave ratio (VSWR) versus frequency in megahertz (MHz)
measured for a larger prototype ol the antenna assembly
according to the exemplary embodiment shown 1n FIG. 43;

FIGS. 58 through 63 illustrates radiation patterns respec-
tively for Azimuth Plane Phi=0° and Elevation Plane
Phi=90° at a frequencies of 450 MHz, 70 MHz, and 490
MHz measured for the larger prototype of the antenna
assembly shown in FIG. 43;

FIG. 64 1s an exemplary line graph of gain in decibels
relative to 1sotropic (dB1) versus frequency from 4350 MHz
to 490 MHz measured for the larger prototype of the antenna
assembly according to the exemplary embodiment shown 1n
FIG. 43;

FIG. 65 1s an exemplary line graph of Azimuth Plane
Beam Width 1n degrees versus frequency from 450 MHz to
490 MHz measured for the larger prototype of the antenna
assembly according to the exemplary embodiment shown 1n
FIG. 43;

FIG. 66 1s an exemplary line graph of Elevation Plane
Beam Width in degrees versus frequency from 450 MHz to
490 MHz measured for the larger prototype of the antenna
assembly according to the exemplary embodiment shown 1n
FI1G. 43; and

FIG. 67 1s an exemplary line graph of front to back ratio
in decibels (dB) versus frequency from 450 MHz to 490
MHz measured for the larger prototype of the antenna
assembly according to the exemplary embodiment shown 1n

F1G. 43.

DETAILED DESCRIPTION

Example embodiments will now be described more fully
with reference to the accompanying drawings.

Disclosed herein are exemplary embodiments of inter-
nally fed directional folded Yagi antenna assemblies. In an
exemplary embodiment, an antenna assembly includes a
boom (broadly, a support structure), an internally fed cable
assembly, and a plurality of dipole elements supported by
and spaced along a length of the boom. The dipole elements
include a folded dipole element, a retlector dipole element,
and director dipole elements. The director dipole elements
may be formed or bent so as to have a unique shape, which
may allow the antenna patterns to behave symmetrical. The
cable assembly i1s fed internally iside the hollow interior or
structure of the boom and a portion of the folded dipole
clement.

Continuing with this exemplary embodiment, the cable
assembly includes a first cable (e.g., coaxial cable, other
transmission line, etc.) and a second cable (e.g., coaxial
jumper, other feed, etc.). The first cable extends through an
open end of the boom and into the hollow interior of the
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boom. The second cable extends through the hollow interior
of a first curved or folded section of the folded dipole
clement. The first cable includes a first center conductor
having first and second end portions. The second cable
includes a second center conductor having first and second
end portions. The first end portion of the second center
conductor 1s electrically connected to the first end portion of
the first center conductor. The second end portion of the
second center conductor extends between and across a gap
separating end portions of the first and second sections of the
folded dipole element.

The folded dipole element generally includes two sec-
tions, which are the first section through which the second
cable 1s fed through and the second section to where
clectrical currents return. The first and second sections of the
folded dipole element are aligned thru the center of the
boom. A bushing is used to electrically connect the second
center conductor of the second cable to the end portion of the
second section of the folded dipole element. The bushing
may be welded to the end portion of the second section. This
configuration preferably creates the same characteristics of
a dipole but which 1s located 1n the center of the boom as
opposed to the side of the boom and also enables the same
broadband characteristics of the antenna.

The first and second sections of the folded dipole element
may be folded, shaped, or bent so as to taper to the boom,
which allows the second cable (broadly, a feed) from the first
cable (broadly, a transmission line) to extend through the
hollow 1interior of the first or second section of the folded
dipole element. The tapering angle of the first and second
sections may be curved or multistep depending on the
particular application. Also, this exemplary embodiment
does not require the cable to be grounded on an external face
of the boom as 1s required for some conventional externally
fed conventional folded Yagi antennas.

In this exemplary embodiment, both open ends of the
boom are sealed. A molded insert may be used to seal one
end, and the opposite end where the cable exists may be
sealed with potted material. The center conductor and insu-
lator of the second cable may be fed inside the first or top
section of the folded dipole element after removing the outer
braid/tape, if any, from the center conductor. A spring leaf
adapter or contact 1s used for grounding the first cable to the
inside walls of the boom. This allows the cable to be fed
internally and provide suflicient power handling (e.g., up to
300 Watts, etc.) comparable to a conventional externally fed
folded Yagi antenna.

Referring now to the figures, FIG. 1 1llustrates an exem-
plary embodiment of an antenna assembly 100 embodying
one or more aspects of the present disclosure. As disclosed
herein, the antenna assembly 100 may also be referred to as
a Yagi-Uda antenna or Yagi antenna. The antenna assembly
100 includes a boom 102 (broadly, a support structure) and
a plurality of dipole elements spaced apart along a length of
the boom 102. The plurality of dipole elements includes
director dipole elements 104, a folded dipole element 106,
and a reflector dipole element 110. The antenna assembly
100 also includes a first transmission line or cable 108 (e.g.,
coaxial feed cable, other suitable transmission lines, etc.).

In this exemplary embodiment, the boom 102 is a straight,
hollow circular cylinder or tube made of electrically-con-
ductive material (e.g., metal, etc.). Although the boom 102
1s shown as a straight tube with a substantially circular
cross-section, alternative embodiments may include a boom
having other cross-sectional shapes (e.g., ellipses, rect-
angles, squares, triangles, other non-circular shapes, etc.).
The cross-sectional shape and/or size of the boom 102 may
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depend on the particular type, shape, and/or size of cable or
other transmission line that will be fed through the hollow
interior of the boom 102.

The director dipole elements 104 are attached to the boom
102, e.g., by welding the middle sections 105 (FIG. 2) of the
director dipole elements 104 to the boom 102, etc. The
director dipole elements 104 extend or protrude from the
boom 102 generally parallel with each other. The folded
dipole element 106 1s also attached to the boom 102, e.g., by
welding end portions of the first and second sections 115,
117 of the folded dipole element 106 to the boom 102, etc.
The reflector dipole element 110 1s also attached to the boom
102, e.g., by welding a middle section of the reflector dipole
clement 110 to the boom 102, etc. The reflector dipole
clement 110 1s located on an opposite side of the folded
dipole element 106 than the director dipole elements 104.
The cable 108 (which may be a coaxial cable or the like) 1s
fed 1nto the hollow body of the boom 102 and inserted into
an ner portion of the folded dipole element 106.

In the illustrated embodiment, each director dipole ele-
ment 104 1s formed or bent such that each end portion 107
generally extends or curves away from the middle section
105 of the director dipole element 104 that 1s attached to the
boom 102. Further, each end portion 107 of the director
dipole element 104 1s then formed or bent again in a
substantially opposite direction such that the remainder of
the end portion 107 1s substantially parallel with the middle
section 105 attached to the boom 102. As a result, the end
portions 107 of the director dipole elements 110 are parallel
and extend above or away from the boom 102 as 1llustrated
in FIG. 2. Each director dipole element 110 thus includes a
middle section 105 attached to the boom 102, two generally
straight parallel end portions 107, and two (e.g., curved,
angled, slanted, etc.) connecting portions 109 that are
between the middle section 105 and a corresponding one of
the end portions 107. The two connecting portions 109 are
not parallel with the middle section 105 or the end portions
107. An angle formed between the connection portions 109
and the middle section 105 may be an acute angle of about
60 degrees, more than 60 degrees, or less than 60 degrees,
etc.

As shown m FIG. 2, the folded dipole element 106 1s
attached to the boom 102 at two points or joints along
opposite sides of the boom 102. The joints (e.g., welds, etc.)
between the folded dipole element 106 and the boom 102
may be tapered i order to allow the cable 108 to pass from
the boom 102 into the folded dipole element 106. The first
and second sections 115, 117 of the folded dipole element
106 are formed, bent, or folded generally away from the
boom 102. The first and sections 115, 117 of the folded
dipole element 106 may be curved (e.g., generally U shaped
or C shaped, etc.) or multi-step, which may depend at least
partially on aspects and/or limitations of the cable 108. The
folded dipole element 106 generally forms an incomplete
loop (e.g., partial oval shaped loop, etc.) with the two free
end portions 111, 113 of the folded dipole element 106
adjacent and nearly joined. The free end portions 111, 113 of
the folded dipole element 106 may be generally parallel to
the free end portions 107 of the director dipole elements 1035
and the free end portions 1135 of the retlector dipole element
102. The end portions 111, 113 of the folded dipole element
106 may be spaced part a greater distance away from the
boom 102 than the end portions 107 of the director dipole
clements 104 and the end portions 115 of the reflector dipole
clement 102. The end portions 107 of the director dipole
clements 104 and the end portions 115 of the reflector dipole
clement 102 may align to define a hypothetical plane that
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passes between the boom 102 and the end portions 111, 113
of the folded dipole element 106.

With continued reference to FIG. 2, the second cable 119
1s shown generally curved with a curvature corresponding
with or matching the curvature of the hollow iterior of the
first section 115 of the folded dipole element 106 through
which the second cable 119 1s fed. The second cable 119 may
thus be curved to fit into the hollow interior of the first
section 115 of the folded dipole element 106 when the first
cable 108 1s inserted 1nto the boom 102. The second cable
119 may have a smaller diameter than the first cable 108 1n
order to fit within the hollow interior of the folded dipole
clement 106 when the folded dipole element 106 has a
smaller diameter than the boom 102.

Also shown 1n FIG. 2 1s a spring leal contact or grounding
part 132, an O-ring 136, and a lower portion 140, which
includes a connector 144 as shown 1n FIG. 3. The spring leaf
contact or grounding part 132 1s configured such that the
leaves of the spring leat contact 132 contact an 1inner surface
of the boom 102 such that the outer surface of the first cable
108 1s grounded to the boom 102 via the contact of the
leaves. The spring leal contact 132 may be made of a
resilient electrically-conductive material that allows the
leaves to bend or deform when the first cable 108 1s inserted
into the boom 102 and remain 1n contact against the iner
surtace of the boom 102.

As shown 1n FIG. 2, the O-ring 136 1s located on the first
cable 108 at a location below the spring leat contact 132 at
which the O-ring 136 will be inserted into the open end of
the boom 102 when the first cable 108 1s fully inserted into
the boom 102. The O-ring 136 1s configured to form a seal
between an outer surface of the first cable 108 and an inner
surface of the boom 102. The seal helps to inhibit the ingress
of solid objects and liquid into an inner area of the boom 102
beyond the O-ring 136. The seal may be substantially
liquid-tight and/or substantially air-tight. The O-ring 136
may be of a rubber material or other similar compressible
dielectric material, which prevents electrical conduction
between the cable 108 and boom 102 at the point of the
O-ring 136. The matenal of the O-ring 136 may compress,
flex, or deform when the first cable 108 1s inserted into the
boom 102 such that the O-ring 136 provides an expanding
force against the mner surface of the boom 102 and outer

surtace of the cable 108 to maintain the seal between the
inner surface of the boom 102 and the outer surface of the
cable 108.

The lower portion 140 includes the connector 144 as
shown 1n FIG. 3. The connector 144 enables the first cable
108 to be connected to other cables and/or ports in order to
transmit signals to and from the antenna assembly 100. Also
shown 1n FIG. 3 are a heat shrink 148 and a cap 150. The
O-ring 136 may be slid onto and up the cable 108 prior to
attaching the heat shrink 148, connector 144, and cap 150.
After the O-ring 20 1s slid onto the cable 108, the heat shrink
148 and connector 144 may be installed. The cap 150 may
then be placed over an end portion of the connector 144.
Heat may then be applied to cause shrinkage of the heat
shrink 148 to thereby create a seal.

FI1G. 4 1llustrates various components that may be used for
connecting the second cable 119 to the first cable 108. As
shown 1n FIG. 4, the first cable 108 includes a center
conductor 156, an electrical insulator or dielectric material
154 around the center conductor 156, and an outer layer 152
(e.g., a cable braid, etc.). The second cable 119 also includes
a center conductor having first and second end portions 126,
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127. Also shown in FIG. 4 are a crimp sleeve or bushing 158,
an 1inner sleeve or bushing 160, a crimp ferrule or barrel 162,
and a heat shrink 164.

The crimp sleeve or bushing 158 1s slid or placed over the
cable outer layer 152 and spring leaf contact 132 and then
crimped to thereby hold the spring leatl contact 132 in place
on the first cable 108. The leaves of the spring leal contact
132 extend outwardly away from the first cable 108, while
the crimp sleeve or bushing 138 covers a cylindrical portion
of the spring leal contact 132. The mnner sleeve or bushing
160 1s slid onto the cable 108 over the dielectric or insulative
layer 154 and the center conductor 156 and under the outer
layer or cable braid 152.

The crimp ferrule or barrel 162 1s positioned on and
generally between the end portion of the center conductor
156 of the first cable 108 and to the first end portion 126 of
the center conductor of the second cable 119. The crimp
terrule or barrel 162 1s then crimped (e.g., using a 0.1 inch
hex crimp, etc.) onto both the end portions of the center

conductors 156 and 126, thereby forming an electrical
connection between the center conductors 156, 126 of the
first and second cables 108, 119, respectively. The heat
shrink 164 1s installed over the crimp ferrule or barrel 162.
Heat may then be applied to cause shrinkage of the heat
shrink 164 to thereby help retain the crimp ferrule or barrel
162 1n place and maintain the electrical connection between
the center conductor end portions 156, 126 of the first and
second cables 108, 119, respectively.

Referring now to FIGS. 5 through 9, the first and second
sections 115, 117 of the folded dipole element 106 are shown
extending or protruding from opposite sides of the boom
102. The first and second sections 115, 117 are folded,
formed, or bent around and toward each other to form an
incomplete loop. As shown 1 FIGS. §, 6, and 9, there 1s a
gap between the end portions 111, 113 of the first and second
sections 115 and 117 of the folded dipole element 106.
Although the second cable 119 may be inserted through
either the first or second section 115 or 117, FIGS. 8 and 9
show the second cable 119 inserted and extending through
the first section 117. The second cable 119 may end near the
gap between the end portions 111, 113 of the folded dipole
sections 115, 117.

As shown 1n FIGS. 6 and 9, the end portion 127 of the
center conductor of the second cable 119 extends out of the
first section 115 into the gap between the first and second
sections 115 and 117. The center conductor end portion 127
may be iserted into a crimp bushing 121 (FI1G. 9), which 1s
within the end portion of the second dipole section 117. The
crimp bushing 121 may be crimped to thereby help retain
center conductor end portion 127 1n place and maintain or
secure the electrical connection between the center conduc-
tor and the second section 117 of the folded dipole element
106. With the center conductor of the second cable 119
attached to the second section 117 of the folded dipole
clement 106, dipole characteristics may thus be created at
the center of the boom 102 rather than at the side of the
boom 102.

Before the center conductor of the second cable 119 1s
inserted nto the crimp bushing 121, a heat shrink 123 (FIG.
6) may be positioned onto the folded dipole element 106
through the gap between the first and second sections 115,
117 of the folded dipole element 106. The heat shrink 123
may then be moved out of the way onto the first or section
115, 117. A rubber tube 125 may be positioned onto the
tolded dipole element 106 through the gap and then moved
out of the way onto the first or section 115, 117. The center
conductor end portion 127 of the second cable 119 may then
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be inserted into the crimp bushing 121. The rubber tube 125
and heat shrink 123 may then be moved into place over the
gap aligned to the center of the boom 102 as shown in FIG.
7. Heat may then be applied to cause shrinkage of the heat
shrink 123 to thereby help retain the crimp bushing 121 1n
place and maintain the electrical connection between the
center conductor end portion 127 and the second section 117
of the folded dipole element 106. The rubber tube 125 may
help protect the center conductor from obstructions and help
prevent water 1gression.

FIG. 8 shows the first cable 108 extending inside the
boom 102, the second cable 119 extending into one side of
the folded dipole element 106, and the electrical connection
between the first and second cables 108, 119. FIG. 8 also
shows the spring leal contact 132 in contact with an inner
surface of the boom 102.

Referring now to FIGS. 10 and 11, the antenna assembly
100 may also include a rubber plug 180 and a label 184. The
rubber plug 180 1s mserted into the open end of the boom
102 opposite the first cable 108 in order to prevent foreign
objects and/or liquid from entering the interior of the boom
102. The rubber plug 180 may form a water-tight and/or
air-tight seal with the boom 102. In this exemplary embodi-
ment, the sealing element 1s a rubber plug 180. But alter-
native embodiments may include alternative methods of
plugging or sealing the end portion of the boom 102 (e.g.,
potting matenal, adhesive matenal, plastic, soldered mate-
rial, welded matenial, a molded 1nsert, etc.).

The label 184 may be attached to the boom 102 via an
adhesive material or the like. The label 184 may provide
information about the antenna assembly to a person and/or
device capable of reading the label 184. The information on
the label may include operating frequencies, manufacturer,
part number, date code (build date), safety warnings, other
specifications of the antenna assembly 100, limitations of
the antenna assembly 100, etc.

FIG. 11 shows that, 1n some exemplary embodiments, the
rubber plug 180 1s inserted substantially one half inch 1nto
the open end of the boom 102. FIG. 11 also shows that label
184 may be attached to the outside of the boom 102
substantially 2 inches from the cable end of the boom 102.
The dimensions provided in this paragraph (and elsewhere)
are for purposes of illustration only as other exemplary
embodiments may be configured with other dimensions.

As shown in FIG. 12, the O-ring 136 may be inserted 50.8
mm (2 inches) into the cable end of the boom 102 to form
the seal previously described. Further, a potting material 188
(c.g., thermo-setting plastics, silicone rubber gels, epoxy,
etc.) may be mnserted into the boom 102 to further enhance
the seal. In some exemplary embodiments, the antenna
assembly 100 may be sealed such that the antenna assembly
100 satisfies the IP67 ingress protection standard where 6
indicates total protection against solid objects/dust and 7
indicates protection against liquids up to and including the
ellects of immersion in 15 centimeters to 1 meter of liquid.

FIGS. 13 and 14 show an exemplary mounting bracket
192 that may be used for mounting the antenna assembly
100 to a supporting structure or surtace. In this exemplary
embodiment, the mounting bracket 192 may be used to
mount or hold the antenna assembly 100 securely to a
structure, €.g., having an outside diameter of 2.5 or less, efc.

FIGS. 15 through 19 provide exemplary dimensions of
portions of the antenna assembly 100. The dimensions,
s1zes, and/or proportions may aflect the performance of the
antenna assembly 100 and determine, for instance, a range
of frequencies that the antenna assembly 100 can reliably
receive. For example, FIGS. 15 through 19 provide example
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dimensions for an antenna assembly attuned to frequencies
in the range of 890 MHz to 960 MHz. As shown 1n FIG. 15,

the boom 102 may have a length of 610 mm. FIG. 16 shows
that the portion of the cable 108 that extends from the boom
102 may have a length of 456 mm. FIG. 17 shows that the
director dipole element 110 may have a width of 168 mm,
and the folded dipole element 106 may have a height of 79
mm 1n FIG. 16. FIG. 18 shows that the first cable 108 may
have a total length of 660.40 mm, an mnner layer 134
extending from the outer layer 152 may have a length of
12.70 mm, and the center conductor 156 extending from the
mner layer 154 may have a length of 6.35 mm. FIG. 19
shows that the second cable 119 may have a length of 190.50
mm. FIG. 19 also shows that the center conductor of the
second cable 119 may have a first end portion 126 having a
length of 6.35 mm and a second end portion 127 having a
length of 25.40 mm. In this example, the antenna assembly
100 may be further configured to have a peak gain of 12 dBi,
a vertical or horizontal polarization, a directional radiation
pattern, a VSWR less than 1.5 for frequencies from about
890 MHz to about 960 MHz, a power rating of about 200

Watts, IP67 outdoor rating, an operating temperature from
about —40 degrees Celsius to about 85 degrees Celsius, a
front to back ratio of about 20 decibels (dB), an N-female
type connector or termination, an RG213 cable type, and/or
a 50 ohm TYP. Impedance. The dimensions and parameters

provided 1n this paragraph (and elsewhere) are for purposes
of illustration only as other exemplary embodiments may be

configured with other dimensions. For example, an antenna
assembly attuned to other frequencies (e.g., from about 450
MHz to about 490 MHz, etc.) may have diflerent dimen-
sions, €.g., smaller for higher frequencies, larger for lower
frequencies, etc.

FIGS. 20 through 31 provide results measured for a
prototype of the antenna assembly 100 shown in FIG. 7 and
having the following performance characteristics: operating,
frequency range from about 890 MHz to about 960 MHz,
VSWR max of 1.6:1, maximum gain of about 12.1 or 12.2
dB4i, typical gain of about 7.6 or 7.7 dB1, Azzimuth Co-Polar
Beam Width of about 34 degrees, Elevation Co-Polar Beam

Width of about 47 degrees, Azimuth Co-Polar First Side lobe
of about =21 or =25, Elevation Co-Polar First Side lobe of
about -24 or =25, front to back ratio of about 22.7 dB,
directional antenna type, female type N connector type, and
vertical polarization. These analysis results are provided
only for purposes of illustration and not for purposes of
limitation as other exemplary embodiments may be config-
ured differently and/or have different performance.

More specifically, FIG. 20 1s an exemplary line graph of
the voltage standing wave ratio (VSWR) versus frequency in
megahertz (MHz) measured for a prototype of the antenna
assembly 100 shown in FIG. 7. Generally, FIG. 20 shows the
S parameters S1 through S10 for the prototype antenna
assembly. FIG. 20 also shows that the prototype antenna
assembly had good VSWR less than 1.5 for frequencies
between about 862.5 MHz to about 984 MHz.

FIGS. 22 through 27 illustrates radiation patterns respec-
tively for Azimuth Plane Phi=0° and Elevation Plane
Phi=90° at a frequencies of 890 MHz, 925 MHz, and 960
MHz measured for a prototype of the antenna assembly 100
shown 1n FIG. 7. Generally, FIGS. 22 through 27 show that
the radiation patterns of the antenna assembly are direc-
tional.

FIG. 28 1s an exemplary line graph of gain in decibels
relative to 1sotropic (dB1) versus frequency from 890 MHz
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to 960 MHz measured for a prototype of the antenna
assembly 100 shown in FIG. 7. Generally, FIG. 28 shows a
peak gain of about 12.2 dBu.

FIG. 29 1s an exemplary line graph of Azimuth Plane
Beam Width 1n degrees versus frequency from 890 MHz to
960 MHz measured for a prototype of the antenna assembly
100 shown 1n FI1G. 7. FIG. 30 1s an exemplary line graph of
Elevation Plane Beam Width in degrees versus frequency
from 890 MHz to 960 MHz measured for a prototype of the
antenna assembly 100 shown in FIG. 7. FIG. 31 1s an
exemplary line graph of front to back ratio in decibels (dB)
versus frequency from 890 MHz to 960 MHz measured for
a prototype of the antenna assembly 100 shown 1n FIG. 7.

FIGS. 32 through 42 provide results measured for a larger
prototype of the antenna assembly 100 shown 1n FIG. 7 and
having the following performance characteristics: operating,
frequency range from about 450 MHz to about 490 MHz,
VSWR max of 1.7:1, maximum gain of about 12.8 dBi,
typical gain of about 11.8 dBi1, Azimuth Co-Polar Beam
Width of about 56 degrees, Elevation Co-Polar Beam Width
of about 46 degrees, front to back ratio of about 23.5 dB,
directional antenna type, female type N connector type, and
vertical or horizontal polarization. These analysis results are
provided only for purposes of illustration and not for pur-
poses of limitation as other exemplary embodiments may be
configured differently and/or have diflerent performance.

More specifically, FIG. 32 1s an exemplary line graph of
the voltage standing wave ratio (VSWR) versus frequency in
megahertz (MHz) measured for the larger prototype of the
antenna assembly 100 shown 1n FIG. 7. Generally, FIG. 32
shows the S parameters S1 through S10 for the prototype
antenna assembly. FIG. 32 also shows that the prototype
antenna assembly had good VSWR less than 1.5 for fre-
quencies between about 450 MHz to about 530 MHz.

FIGS. 33 through 38 illustrates radiation patterns respec-
tively for Azimuth Plane Phi=0° and Elevation Plane
Phi=90° at a frequencies of 450 MHz, 470 MHz, and 490
MHz measured for the larger prototype of the antenna
assembly 100 shown 1n FIG. 7. Generally, FIGS. 33 through
38 show that the radiation patterns of the antenna assembly
are directional.

FIG. 39 1s an exemplary line graph of gain in decibels
relative to 1sotropic (dB1) versus frequency from 450 MHz
to 490 MHz measured for the larger prototype of the antenna
assembly 100 shown 1n FIG. 7. Generally, FIG. 39 shows a
peak gain of about 12.8 dBu.

FIG. 40 1s an exemplary line graph of Azimuth Plane
Beam Width 1n degrees versus frequency from 450 MHz to
490 MHz measured for the larger prototype of the antenna
assembly 100 shown 1n FIG. 7. FI1G. 41 1s an exemplary line
graph of Elevation Plane Beam Width 1n degrees versus
frequency from 450 MHz to 490 MHz measured for the
larger prototype of the antenna assembly 100 shown 1n FIG.
7. FIG. 42 1s an exemplary line graph of front to back ratio
in decibels (dB) versus frequency from 450 MHz to 490
MHz measured for the larger prototype of the antenna
assembly 100 shown i FIG. 7.

FIGS. 43 and 44 illustrates another exemplary embodi-
ment of an antenna assembly 200 embodying one or more
aspects of the present disclosure. As disclosed herein, the
antenna assembly 200 may also be referred to as a Yagi-Uda
antenna or Yagi antenna. The antenna assembly 200 includes
a boom 202 (broadly, a support structure) and a plurality of
dipole elements spaced apart along a length of the boom
202. The plurality of dipole elements includes a director
dipole element 204, a folded dipole element 206, and a
reflector dipole element 210. The antenna assembly 200 also
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includes a first transmission line or cable 208 (e.g.,
feed cable, other suitable transmission lines, etc.).

The antenna assembly 200 may be similar or substantially
identical to the antenna 100 described above and shown 1n
FIG. 1. For example, the director dipole element 204, a
folded dipole element 206, and a reflector dipole element
210 may be similar or substantially 1dentical to the director
dipole element 104, a folded dipole element 106, and a
reflector dipole element 110 of the antenna assembly 100.
Also, the cable 208 (which may be a coaxial cable or the
like) may be fed into the hollow body of the boom 202 and
inserted mnto an nner portion of the folded dipole element
206 as described above for cable 108. As shown in FIG. 44,
the cable sub-assembly including the first cable 208 (e.g.,
coaxial feed cable, etc.), second cable 219 (e.g., internally
fed coaxial jumper, etc.), leal spring 232, and O-ring 236
may be installed 1nto the antenna housing or boom 202 from
the bottom by sliding the second cable 219 i1nto the boom
202, e.g., using a cable guiding tool, etc.

The antenna assembly 200 has less dipole elements than
the antenna assembly 100. Accordingly, the antenna assem-
bly 200 may have a lower peak gain (e.g., 8.6 dB1 versus 12
dBi, etc.) than the antenna assembly 100.

FIGS. 45 through 56 provide results measured for a
prototype of the antenna assembly 200 shown 1n FI1G. 43 and
having the following performance characteristics: operating,
frequency range from about 890 MHz to about 960 MHz,
VSWR max of 1.5:1 or 1.66:1, maximum gain of about 8.4
or 8.5 dBi, typical gain of about 8.1 or 8.3 dB1, Azimuth
Co-Polar Beam Width of about 90 degrees, Elevation Co-
Polar Beam Width of about 63 degrees, Azimuth Co-Polar
First Side lobe of about —68 or =38, Flevation Co-Polar First
Side lobe of about =30 or -22, front to back ratio of about
20.7 or 8.5 dB, directional antenna type, female type N
connector type, and vertical polarization. These analysis
results are provided only for purposes of i1llustration and not
for purposes of limitation as other exemplary embodiments
may be configured differently and/or have different perfor-
mance.

More specifically, FIG. 45 1s an exemplary line graph of
the voltage standing wave ratio (VSWR) versus frequency in
megahertz (MHz) measured for a prototype of the antenna
assembly 200 shown in FIG. 43. Generally, FIG. 45 shows
the S parameters 51 through S10 for the prototype antenna
assembly. FIG. 45 also shows that the prototype antenna
assembly had good VSWR less than 1.5 for frequencies
between about 862.5 MHz to about 981 MHz.

FIGS. 47 through 52 illustrates radiation patterns respec-
tively for Azimuth Plane Phi=0° and Elevation Plane
Phi=90° at a frequencies of 890 MHz, 925 MHz, and 960
MHz measured for a prototype of the antenna assembly 200
shown 1n FI1G. 43. Generally, FIGS. 47 through 52 show that
the radiation patterns of the antenna assembly are direc-
tional.

FIG. 53 i1s an exemplary line graph of gain in decibels
relative to 1sotropic (dB1) versus frequency from 890 MHz
to 960 MHz measured for a prototype of the antenna
assembly 200 shown in FIG. 43. Generally, FIG. 28 shows
a peak gain of about 8.4 dBu.

FIG. 54 1s an exemplary line graph of Azimuth Plane
Beam Width 1n degrees versus frequency from 890 MHz to
960 MHz measured for a prototype of the antenna assembly
200 shown 1n FIG. 43. FIG. 55 1s an exemplary line graph
of Elevation Plane Beam Width 1n degrees versus frequency
from 890 MHz to 960 MHz measured for a prototype of the
antenna assembly 200 shown in FIG. 43. FIG. 56 1s an

exemplary line graph of front to back ratio in decibels (dB)

coaxial
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versus Irequency from 890 MHz to 960 MHz measured for
a prototype of the antenna assembly 200 shown 1n FIG. 43.

FIGS. 57 through 67 provide results measured for a larger
prototype of the antenna assembly 200 shown 1n FIG. 43 and
having the following performance characteristics: operating
frequency range from about 450 MHz to about 490 MHz,
VSWR max of 1.5:1, maximum gain of about 9.1 dBi,
typical gain of about 8.7 dBi1, Azimuth Co-Polar Beam
Width of about 92 degrees, Elevation Co-Polar Beam Width
of about 70 degrees, front to back ratio of about 17.6 dB,
directional antenna type, female type N connector type, and
vertical or horizontal polarization. These analysis results are
provided only for purposes of illustration and not for pur-
poses of limitation as other exemplary embodiments may be
configured differently and/or have diflerent performance.

More specifically, FIG. 57 1s an exemplary line graph of
the voltage standing wave ratio (VSWR) versus frequency in
megahertz (MHz) measured for the larger prototype of the
antenna assembly 200 shown 1n FIG. 43. Generally, FI1G. 57
shows the S parameters 51 through S10 for the prototype
antenna assembly. FIG. 57 also shows that the prototype
antenna assembly had good VSWR less than 1.7 for fre-
quencies between about 450 MHz to about 500 MHz.

FIGS. 58 through 63 illustrates radiation patterns respec-
tively for Azimuth Plane Phi=0° and Elevation Plane
Ph1=90° at a frequencies of 450 MHz, 470 MHz, and 490
MHz measured for the larger prototype of the antenna
assembly 200 shown in FIG. 43. Generally, FIGS. 58
through 63 show that the radiation patterns of the antenna
assembly are directional.

FIG. 64 1s an exemplary line graph of gain i decibels
relative to 1sotropic (dB1) versus frequency from 4350 MHz
to 490 MHz measured for the larger prototype of the antenna
assembly 200 shown in FIG. 43. Generally, FIG. 64 shows
a peak gain of about 9.1 dBa.

FIG. 65 1s an exemplary line graph of Azimuth Plane
Beam Width 1n degrees versus frequency from 450 MHz to
490 MHz measured for the larger prototype of the antenna
assembly 200 shown in FIG. 43. FIG. 66 1s an exemplary
line graph of Elevation Plane Beam Width in degrees versus
frequency from 450 MHz to 490 MHz measured for the
larger prototype of the antenna assembly 200 shown in FIG.
43. FIG. 67 1s an exemplary line graph of front to back ratio
in decibels (dB) versus frequency from 450 MHz to 490
MHz measured for the larger prototype of the antenna
assembly 200 shown in FIG. 43.

In exemplary embodiments, the antenna assembly (e.g.,
antenna assembly 100, 200, etc.) may be configured or
attuned to frequencies within a first frequency range (e.g.,
from about 450 MHz to about 490 MHz, etc.) or a second
frequency range (e.g., from about 890 MHz to about 960
MHz, etc.). For example, the antenna assembly 100 (FIG. 1)
may be configured to have a peak gain of about 12 dB1 and
good VSWR less than 1.5 for a first frequency range from
about 450 MHz to about 490 MHz. Alternatively, the
antenna assembly 100 may be sized dimensionally smaller
so that the antenna assembly 100 1s configured to have a
peak gain of about 12 dB1 and good VSWR less than 1.5 for
a second frequency range from about 890 MHz to about 960
MHz. In these examples, the antenna assembly 100 has a
total of seven dipole elements 104, 106, 110 spaced apart
along the boom 102. In alternative embodiments, the
antenna assembly 100 may have more or less than seven
dipole elements 1n order to respectively increase or decrease
the antenna gain. For example, the antenna assembly 200
(FIG. 43) includes three dipole elements 204, 206, 210

spaced apart along the boom 202. The antenna assembly 200
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may be configured to have a peak gain of about 8.6 dB1 and
good VSWR less than 1.5 for a first frequency range from
about 450 MHz to about 490 MHz. Alternatively, the

antenna assembly 200 may be sized dimensionally smaller
so that the antenna assembly 200 1s configured to have a

peak gain of about 8.6 dB1 and good VSWR less than 1.5 for

a second frequency range from about 890 MHz to about 960
MHz. In yet other exemplary embodiments, an antenna
assembly may include a different number of dipole elements
than 3 or 7, such as more than 7 dipole elements, less than
3 dipole elements, 4 dipole elements, 5 dipole elements, or
6 dipole elements.

Exemplary embodiments disclosed herein of directional
antenna assemblies including internally fed transmission
cables. The antenna assembly may include a boom, a plu-
rality of dipole elements extending from the boom, a folded
dipole element extending from the boom, and a cable
aligned through the center of the boom and fed into the
folded dipole element.

The plurality of dipole elements extending from the boom
of the antenna assembly may be formed such that the ends
of the plurality of dipole elements align with a plane
between the boom and the ends of the folded dipole element.

The folded dipole element of the antenna assembly may
be aligned through the center of the boom.

The boom of the antenna assembly may be sealed such
that 1t 1s rated for the IP67 standard. The boom of the
antenna assembly may be sealed by a potting material on the
end through which the cable enters and by a rubber plug on
the opposite end.

The folded dipole element of the antenna assembly may
include a first dipole part and a second dipole part, wherein
the cable 1s fed 1nto the first dipole part and conductively
connected to the second dipole part. The first dipole part and
second dipole part may be connected by a bushing.

The plurality of dipole elements and the folded dipole
clement may be spaced along the boom at intervals and may
be substantially perpendicular to the boom.

The cable of the antenna assembly may be a coaxial cable
including a central conductor, a dielectric material layer
surrounding the central conductor, and a cable braid layer
around the dielectric material layer. Additionally, the cable
may include a spring leaf contact element. The spring leaf
contact element may ground the cable to at least one of the
boom and the folded dipole element.

Exemplary embodiments are disclosed of methods of
manufacturing an antenna assembly. In an exemplary
embodiment, a method generally includes attaching a plu-
rality of dipole elements to a boom, attaching a folded dipole
clement to the boom, and feeding a cable through a first end
of the boom and into the folded dipole element.

The method may further include sealing a first end of the
boom with potting material after the cable 1s fed through and
sealing a second end of the boom with a rubber plug. The
method may include sealing the antenna assembly to satisiy
the IP67 standard.

The plurality of dipole elements may be shaped or formed
such that the ends of the plurality of dipole elements align
with a plane between the boom and the ends of the folded
dipole element. The folded dipole element may be attached
to the boom such that the folded dipole element 1s aligned
substantially through the center of the boom.

The method may include feeding the cable 1into a first part
of the folded dipole element and connecting a conductor end
of the cable to a second part of the folded dipole element.
The method may further include covering the connection




US 10,116,063 B2

15

between the conductor end of the cable and the second part
of the folded dipole element with at least one of a rubber
layer and a heat shrink layer.

The method may further include attaching a spring leaf
contact element to the cable and grounding the cable to one
of the boom and the folded dipole element using the spring
leat contact element of the cable.

The method may include attaching the plurality of dipole
clements and the folded dipole element to the boom at
spaced-apart locations or intervals along the boom and
substantially perpendicular to the boom.

Exemplary embodiments of antenna assemblies disclosed
herein may have or provide one or more (but not necessarily
any or all) of the following features or advantages. For
example, an antenna assembly disclosed herein may have a
cable assembly that 1s fed internally inside the hollow
interior or structure of the boom and the folded dipole
clement such that the internally fed cable assembly 1is
protected from and not exposed to the environment (e.g.,
dirt, dust, water, etc.). For example, the antenna assembly
may satisiy the IP67 ingress protection standard where 6
indicates total protection against solid objects/dust and 7
indicates protection against liquids up to and including the
cllects of immersion 1 15 centimeters to 1 meter of liquid.
The antenna assembly may be broadband and/or have com-
parable or better performance than a conventional externally
fed folded Yagi antenna. The director dipole elements may
have a unique shape that allows the antenna patterns to
behave symmetrical and/or may be formed without any
added components to weld to the boom. The antenna assem-
bly may have a relatively simple construction (e.g., stamp-
ing tools are straight forward, etc.) and/or be cost eflfective.

Example embodiments are provided so that this disclosure
will be thorough, and will fully convey the scope to those
who are skilled in the art. Numerous specific details are set
torth such as examples of specific components, devices, and
methods, to provide a thorough understanding of embodi-
ments of the present disclosure. It will be apparent to those
skilled 1n the art that specific details need not be employed,
that example embodiments may be embodied 1n many
different forms, and that neither should be construed to limit
the scope of the disclosure. In some example embodiments,
well-known processes, well-known device structures, and
well-known technologies are not described in detail. In
addition, advantages and 1mprovements that may be
achieved with one or more exemplary embodiments of the
present disclosure are provided for purpose of illustration
only and do not limit the scope of the present disclosure, as
exemplary embodiments disclosed herein may provide all or
none of the above mentioned advantages and improvements
and still fall within the scope of the present disclosure.

Specific numerical dimensions and values, specific mate-
rials, and/or specific shapes disclosed herein are exemplary
in nature and do not limit the scope of the present disclosure.
The disclosure herein of particular values and particular
ranges of values for given parameters are not exclusive of
other values and ranges of values that may be useful i one
or more of the examples disclosed herein. Moreover, 1t 1s
envisioned that any two particular values for a specific
parameter stated herein may define the endpoints of a range
of values that may be suitable for the given parameter (i.e.,
the disclosure of a first value and a second value for a given
parameter can be imterpreted as disclosing that any value
between the first and second values could also be employed
for the given parameter). For example, 11 Parameter X 1s
exemplified herein to have value A and also exemplified to
have value Z, 1t 1s envisioned that parameter X may have a
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range of values from about A to about Z. Similarly, 1t 1s
envisioned that disclosure of two or more ranges of values
for a parameter (whether such ranges are nested, overlapping
or distinct) subsume all possible combination of ranges for
the value that might be claimed using endpoints of the
disclosed ranges. For example, 11 parameter X 1s exemplified
herein to have values 1n the range of 1-10, or 2-9, or 3-8, 1t
1s also envisioned that Parameter X may have other ranges
of values including 1-9, 1-8, 1-3, 1-2, 2-10, 2-8, 2-3, 3-10,
and 3-9.

The terminology used herein 1s for the purpose of describ-
ing particular example embodiments only and 1s not
intended to be limiting. As used herein, the singular forms
“a”, “an” and “the” may be intended to include the plural
forms as well, unless the context clearly indicates otherwise.
The terms “comprises, % 7

e B 4

comprising,” “includes,” “includ-
ing,” “has,” “have,” and “having,” are inclusive and there-
fore specily the presence of stated features, integers, steps,
operations, elements, and/or components, but do not pre-
clude the presence or addition of one or more other features,
integers, steps, operations, elements, components, and/or
groups thereol. The method steps, processes, and operations
described herein are not to be construed as necessarily
requiring their performance in the particular order discussed
or i1llustrated, unless specifically 1dentified as an order of
performance. It 1s also to be understood that additional or
alternative steps may be employed.

When an element or layer 1s referred to as being “on”,
“engaged 10”, “connected t0” or “coupled to” another ele-
ment or layer, 1t may be directly on, engaged, connected or
coupled to the other element or layer, or intervening ele-
ments or layers may be present. In contrast, when an element
1s referred to as being “directly on,” “directly engaged to”,
“directly connected to” or “directly coupled to” another
clement or layer, there may be no intervening elements or
layers present. Other words used to describe the relationship
between elements should be interpreted in a like fashion
(e.g., “between” versus “directly between,” “adjacent” ver-
sus “directly adjacent,” etc.). As used herein, the term
“and/or” includes any and all combinations of one or more
of the associated listed items.

The term “about” when applied to values indicates that
the calculation or the measurement allows some slight
imprecision in the value (with some approach to exactness
in the value; approximately or reasonably close to the value;
nearly). If, for some reason, the imprecision provided by
“about” 1s not otherwise understood 1n the art with this
ordinary meaning, then “about” as used herein indicates at
least vanations that may arise from ordinary methods of
measuring or using such parameters. For example, the terms
“generally”, “about”, and “substantially” may be used herein
to mean within manufacturing tolerances.

Although the terms first, second, third, etc. may be used
herein to describe various elements, components, regions,
layers and/or sections, these elements, components, regions,
layers and/or sections should not be limited by these terms.
These terms may be only used to distinguish one element,
component, region, layer or section from another region,
layer or section. Terms such as “first,” “second,” and other
numerical terms when used herein do not imply a sequence
or order unless clearly indicated by the context. Thus, a first
clement, component, region, layer or section discussed
below could be termed a second element, component,
region, layer or section without departing from the teachings
of the example embodiments.

Spatially relative terms,

A B 4 4

“beneath”, “below™, “lower”,

“inner,” ‘“‘outer,”
upper” and the like,

such as

- B 4 4

above”,
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may be used herein for ease of description to describe one
clement or feature’s relationship to another element(s) or
teature(s) as illustrated 1n the figures. Spatially relative terms
may be intended to encompass different orientations of the
device 1n use or operation in addition to the ornentation
depicted 1n the figures. For example, 11 the device 1n the
figures 1s turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, the example
term “below” can encompass both an orientation of above
and below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

The foregoing description of the embodiments has been
provided for purposes of illustration and description. It 1s not
intended to be exhaustive or to limit the disclosure. Indi-
vidual elements, intended or stated uses, or features of a
particular embodiment are generally not limited to that
particular embodiment, but, where applicable, are inter-
changeable and can be used 1n a selected embodiment, even
if not specifically shown or described. The same may also be
varied 1n many ways. Such variations are not to be regarded
as a departure from the disclosure, and all such modifica-
tions are intended to be included within the scope of the
disclosure.

What 1s claimed 1s:

1. An antenna assembly comprising:

a boom:;

a plurality of dipole elements spaced apart along the
boom, the plurality of dipole elements including a
folded dipole element; and

a feed cable assembly 1nternally fed nside the boom and
a first section of the folded dipole element;

wherein the feed cable assembly comprises:

a first cable extending through an end of the boom and
into a hollow interior of the boom, the first cable
clectrically grounded to an 1nside wall of the boom:;
and

a second cable electrically connected with the first
cable, the second cable extending from the hollow
interior of the boom through a hollow interior of the
first section of the folded dipole element.

2. The antenna assembly of claim 1, further comprising an
O-ring disposed around the first cable, the O-ring configured
to form a seal between an outer surface of the first cable and
an nner surface of the boom.

3. The antenna assembly of claim 2, wherein:

the folded dipole element includes the first section and a
second section spaced apart from the first section such
that a gap 1s between end portions of the first and
second sections;

the second cable includes a center conductor that extends
across the gap and 1s electrically connected with the
end portion of the second section of the folded dipole
clement.

4. The antenna assembly of claim 3, wherein:

the first cable includes a center conductor having a first
end portion electrically connected with a first end
portion of the center conductor of the second cable; and

a second end portion of the center conductor of the second
cable extends across the gap to a bushing within the end
portion of the second section to thereby electrically
connect the center conductor of the second cable to the
second section of the folded dipole element.

5. The antenna assembly of claim 4, wherein:

he first cable comprises a coaxial feed cable; and
the second cable comprises a coaxial jumper.

r—
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6. The antenna assembly of claim 2, further comprising a
spring leal contact coupled to the first cable of the feed cable
assembly and in contact with the inside wall of the boom to
thereby electrically ground the first cable of the feed cable
assembly to the nside wall of the boom; and

wherein:

the plurality of dipole elements further comprise a
reflector dipole element and multiple director dipole
clements spaced apart along the boom:;

cach of the multiple director dipole elements include a
middle section attached to the boom, two generally
straight parallel end portions, and two connecting
portions between the middle section and a corre-
sponding one of the end portions, each of the two
connecting portions being curved, angled, or slanted
relative to the middle section such that each of the
two connecting portions are non-parallel with the
middle section and end portions and such that end
portions extend above and away from the boom; and

the reflector dipole element and the director dipole
clements are aligned such that a plane defined by end
portions ol the reflector dipole element and the
director dipole elements 1s spaced apart from the
boom and passes between the boom and end portions
of the folded dipole element.

7. The antenna assembly of claim 1, wherein:

the folded dipole element includes the first section and a

second section spaced apart from the first section such

that a gap 1s between end portions of the first and
second sections; and

the gap 1s aligned with a center of the boom.

8. The antenna assembly of claim 1, wherein:

the folded dipole element includes the first section and a

second section;

the first and second sections of the folded dipole element

are attached to the boom along opposite sides of the

boom; and

a joint between the first section of the folded dipole

clement and the boom 1s tapered to thereby allow the

feed cable assembly to pass from inside the boom into
the first section of the folded dipole element.

9. The antenna assembly of claim 1, wherein the plurality
of dipole elements further comprise a reflector dipole ele-
ment and multiple director dipole elements spaced apart
along the boom.

10. The antenna assembly of claim 9, wherein:

cach of the multiple director dipole elements 1nclude a

middle section attached to the boom, two generally
straight parallel end portions, and two connecting por-
tions between the middle section and a corresponding
one of the end portions, each of the two connecting
portions being curved, angled, or slanted relative to the
middle section such that each of the two connecting
portions are non-parallel with the middle section and
end portions and such that end portions extend above
and away from the boom.

11. The antenna assembly of claim 9, wherein the reflector
dipole element and the director dipole elements are aligned
such that a plane defined by end portions of the reflector
dipole element and the director dipole elements 1s spaced
apart from the boom and passes between the boom and end
portions of the folded dipole element.

12. The antenna assembly of claim 1, further comprising:

a potting material within an open end of the boom through

which the feed cable assembly 1s fed into the boom; and

a sealing member disposed within an opposite open end of

the boom;
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whereby the potting material and the sealing member are
operable for respectively sealing both the open end and
the opposite open end of the boom and inhibiting
foreign objects and liquid from entering the hollow
interior of the boom.

13. A Yagi antenna assembly comprising:

a boom;

a folded dipole element coupled to and/or supported by
the boom;

a lirst cable extending through an end of the boom and
into a hollow interior of the boom;
a second cable electrically connected with the first cable,
the second cable extending through a hollow 1nterior of
a first section of the folded dipole element;
a reflector dipole element; and
multiple director dipole elements spaced apart along the
boom:
wherein:
cach of the multiple director dipole elements include a
middle section attached to the boom, two generally
straight parallel end portions, and two connecting
portions between the middle section and a corre-
sponding one of the end portions, each of the two
connecting portions being curved, angled, or slanted
relative to the middle section such that each of the
two connecting portions are non-parallel with the
middle section and end portions and such that end
portions extend above and away from the boom:;
and/or
the reflector dipole element and the director dipole
clements are aligned such that a plane defined by end
portions ol the reflector dipole element and the
director dipole elements i1s spaced apart from the
boom and passes between the boom and end portions
of the folded dipole element.
14. The Yagi antenna assembly of claim 13, wherein:
the folded dipole element includes the first section and a
second section spaced apart from the first section such
that a gap 1s between end portions of the first and
second sections and such that the gap 1s aligned with a
center of the boom; and
the second cable includes a center conductor that extends
across the gap and 1s electrically connected with the
end portion of the second section of the folded dipole
clement.
15. The Yagi antenna assembly of claim 14, wherein:

the first cable includes a center conductor having a first
end portion electrically connected with a first end
portion of the center conductor of the second cable; and

a second end portion of the center conductor of the second

cable extends across the gap to a bushing within the end
portion of the second section to thereby electrically
connect the center conductor of the second cable to the
second section of the folded dipole element.

16. The Yagi antenna assembly of claim 14, further
comprising an O-ring disposed around the first cable, the
O-ring configured to form a seal between an outer surface of
the first cable and an inner surface of the boom.

17. The Yagi antenna assembly of claim 14, further
comprising;

a potting material within an open end of the boom through

which the first cable 1s fed into the boom: and

a sealing member disposed within an opposite open end of

the boom;

whereby the potting material and the sealing member are

operable for respectively sealing both the open end and
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the opposite open end of the boom and inhibiting
foreign objects and liquid from entering a hollow
interior of the boom.

18. The Yagi antenna assembly of claim 14, further
comprising a spring leal contact coupled to the first cable
and 1n contact with an inside wall of the boom to thereby
clectrically ground the first cable to the nside wall of the
boom.

19. The Yagi antenna assembly of claim 13, wherein:

the folded dipole element includes the first section and a

second section:

the first and second sections of the folded dipole element

are attached to the boom along opposite sides of the
boom; and

a joint between the first section of the folded dipole

clement and the boom 1s tapered to thereby allow the
second cable to pass from inside the boom into the first
section of the folded dipole element.

20. A method comprising feeding a feed cable assembly
through a first end of a boom of a Yagi antenna assembly into
a hollow 1interior of the boom and 1nto a hollow interior of
a first section of a folded dipole element coupled to and/or
supported by the boom, such that a first cable of the feed
cable assembly 1s inserted 1into and extends through the first
end of the boom and into the hollow interior of the boom, the
first cable electrically grounded to an inside wall of the
boom, and such that a second cable of the feed cable
assembly, which 1s electrically connected with the first
cable, 1s inserted mnto and extends through the hollow
interior of the first section of the folded dipole element.

21. The method of claim 20, further comprising;

clectrically grounding the first cable of the feed cable

assembly to the 1nside wall of the boom using a spring
leat contact;

sealing the first end of the boom with potting material

after the feed cable assembly 1s fed through the first end
of the boom; and

sealing a second end of the boom with a sealing member;

and

wherein:

the Yagi antenna assembly further comprises a reflector

dipole element, and multiple director dipole elements
spaced apart along the boom; and

cach of the multiple director dipole elements include a

middle section attached to the boom, two generally
straight parallel end portions, and two connecting por-
tions between the middle section and a corresponding
one of the end portions, each of the two connecting
portions being curved, angled, or slanted relative to the
middle section such that each of the two connecting
portions are non-parallel with the middle section and
end portions and such that end portions extend above
and away from the boom; and/or

the retlector dipole element and the director dipole ele-

ments are aligned such that a plane defined by end
portions of the reflector dipole element and the director
dipole elements 1s spaced apart from the boom and
passes between the boom and end portions of the folded
dipole element.

22. The method of claim 20, wherein:

the folded dipole element includes the first section and a

second section spaced apart from the first section such
that a gap 1s between end portions of the first and
second sections:

wherein feeding the cable assembly comprises:

positioning the first cable within the hollow interior of
the boom; and
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positioning the second cable within the hollow interior
of the first section of the folded dipole element such
that a center conductor of the second cable extends
across the gap and 1s electrically connected with the
end portion of the second section of the folded dipole 5

element.
23. The method of claim 22, wherein:

the center conductor of the second cable extends across
the gap to a bushing within the end portion of the
second section to thereby electrically connect the center 10
conductor of the second cable to the second section of
the folded dipole element via the bushing; and

the method further comprises covering the gap and the
clectrical connection between the bushing and the
center conductor of the second cable with at least one 15
of a dielectric member and/or a heat shrink.
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